’REDGED MATERHAL
RESEARCH PR@GRAM |

CONTRACT REPORT D-76-9

ABATEMENT OF MALODORS AT CONFINEP
DREDGED MATERIAL DISPOSAL SITES :

by
W. Harrison, A. Dravnieks, R. Zussman, R, Goltz !

Argonne National Laboratory
Argonne, lllinois 60439 :

C:J‘t:

o.

August 1976
Final Report

Approved For Public Refease; Distribution Unlimited

Prepared for Office, Chief of Engineers, U. s. Army
Washington, D. C. 20314

‘Monitored by Environmental Effects Laboratory
U. S. Army Engineer Waterways Experiment Station
P. Q. Box 63 I, Vicksburg, Miss, 39180

under Interagency Agreement No. WESRF 75.-104
(DMRP work Unit No. 2Cl 1)



- Destroy this -reportt whem no fonger needed. bo not return
: it to the: eriginator. .



DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

P. 0. BOX 631
VICKSBURG. MISSISSIPPI 39180

IN mepLy RerEr o, \NESYV 7 February 1978

Errata Sheet

No. 1
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1. The second page of the Form 1473 should read:

20.  ABSTRACT  (Continued)

forced-choice-triangl e ol factometer. Al though significant problens wth
mal odors were not observed beyond the di sposal area dikes during site
visits, noteworthy odor episodes had occurred at sone sites. An odor-
abatement strategy is presented for handling the expected range of odor

conditions at dredged material disposal sites. Its aimis to reduce to
an acceptable |level the perceived intensity of nmalodors in an affected
conmuni ty. The main steps in the strategy cover (1) selection of the

disposal site, (2) site preparation, (3) odor characterization of sedi-
ments to be dredged, (4) nalodor abatenent during dredgi ng and di sposal
operations, (5) malodor abatenent after filling of the disposal site,
and (6) the handling of malodor conplaints.



DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

P. 0. BOX 631
VICKSBURG. MISSISSIPPI 39160

IN RepLY ReFER To, VESYV 30 August 1976

SUBJECT: Transmittal of Contract Report D 76-9

TO Al Report Recipients

1. The contract report transmitted herewith represents the results of
one research effort (work unit) initiated as part of Task 2C (Cont ai nment
Area (perations) of the Corps of Engineers' Dredged Material Research
Program (DVRP). Task 2Cis included as part of the D sposal Qperations
Project (DCOP) of the DWRP, which, anong other considerations, includes
research into various ways of inproving objectionable environnental con-
ditions associated with the confined disposal of dredged material.

2. Confining dredged material on land is a relatively recent disposal
alternative to which practically no specific design, construction, opera-
tion, or aesthetic inprovement investigations, much |ess applied research,
have been addressed. There has been a dramatic increase in the |ast
several years in the amount of land disposal necessitated by confining
dredged material classified as polluted. Confining material on |and may
al l eviate sone environnental problens associated with open-water di sposal
but in turn creates new environmental problens at confined disposal sites.
Therefore, attention is being directed toward identifying and then
inproving adverse environnental situations at confined dredged naterial

di sposal  areas.

3. DWRP work units are in progress to devel op methods for elimnating

or nitigating objectionable environmental conditions at disposal areas.
(One objectional condition often mentioned is nal odors that on occasi on
are associated wth containment areas. The investigation reported herein
was acconpl i shed by Argonne National Laboratory to devel op abatenent
procedures for mal odors.

4. Nurerous sanples of air and dredged material were collected from seven
confined disposal sites located throughout the United States. Quantita-
tive and subjective laboratory tests were performed to identify and
characterize various odors encountered. Significant malodor problens

were not encountered during the study, but noteworthy odor episodes had
occurred at sone sites. An odor abatenent strategy was devel oped that
consi sts of a series of management deci sions including disposal site
selection, site preparation, odor characterization of the sedinent to be
dredged, odor abatenent during dredging and di sposal operations, mal odor
abatement after disposal, and handling of odor conplaints.
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5. This study is considered to be a significant contribution to a
solution of the problem of the elimnation or nitigation of malodors
associated with confined disposal areas. The guidelines presented

herei n are inpl ement abl e now and Corps operating el enents are encour aged
to seek opportunities to apply them Because of the al nost nonexi stent
state-of-the-art in field-tested and operationally proven nal odor abat e-
ment met hodol ogi es, the performance data resulting fromfield applica-
tions will be quite valuable in technique refinenent and determ nation

of limts of applicability.

Col onel, Corps of Engineers
Commander and Director
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EXEQUTIVE ~ SUMVARY

This report presents the results of research conducted by
Argonne National Laboratory (ANL) for the Disposal Operations
Project of the Dredged Material Research Program (DWVRP) of the US
Arny Engineer \aterways Experinent Station. The objective of the
DVRP is to provide nore definitive informati on on the environmnental
aspects of dredgi ng and dredged materi al di sposal operations and to
develop technically satisfactory, environmentally conpatible, and
economically feasible dredging and disposal alternatives. During
1975, an ANL research teamvisited seven Corps' disposal sites where
mal odors had been or were expected to be objectionable; six of the
sites were actively being filled. The sites represented a range
of odor-producing conditions; none, however, exhibited the intensities
of malodor production reported to have occurred in the past. Never -
theless, considerable data related to the odors present were gat hered
and these data are presented in 38 tables.

The present study enphasized the following itens and drew the

foll owing concl usi ons:

a. Characterization of perceived odors and magnitude
of odor emssions at disposal sites

Sanpl es of anbient air and dredged material were collected at
each site and eval uated by a ni ne-person odor panel in terns of
odor-dilution thresholds and odor types. Threshold values were com
pared to typical odor-control regulations. The results showed that
the potential for nalodor conplaints at all seven sites was | ow and
that in nost cases even the strictest of existing regulations woul d
not be violated. Reduction of odor intensity by a factor of only

2 or 3 would bring all cases within acceptable limts.



b. ldentification of volatiles causing odor problens
at dredged material sites

Mal odor ous vapors were col |l ected at each di sposal site and
identifications of the contai ned organi c conpounds were made by
gas chronat ography/ mass spectronetry (GC/MS). Qdorograns were also
prepared by using a GC equipped with a sniffing port and standard
and sulfur-specific colums. The anount of hydrogen-sul fide gas

was determined at each site with a special detector

c. Determnation of sources and causes of odor probl ens

Gases liberated during pumpout Were found to be the primary
source of malodors. The principal, volatile nmal odorous conpounds
originated fromdredged material contam nants (such as petroleum-
derived conpounds) or fromthe biogenic production of sulfur com
pounds. A second source of nal odors at sone sites was the continued
rel ease, by de novo synthesis, of volatile nal odorous conpounds
from the disposed dredged naterial

d. Investigation of nethods for abatement of odors

Approaches in use in Europe and Australia for control of odors
associated with dredging activities were canvassed. It was found
that significant odor problems have occurred primarily when chem ca
wastes were present in the sediments being dredged. In the Nether-
lands, the odor probl emwas overcone by abandoning all dredgi ng of
such contamnated sedinents. Qdor counteractants have been enpl oyed

in Qeat Britain, but the results are poorly documented

Qdor control by a counteractant is practiced at the dinton
disposal site in Houston, Texas. Cdor-panel tests showed no reduc-
tion in odor intensity at the dinton site, but there was a slight
change in odor character. The odor-counteraction and odor-nodifica-
tion approaches to abatenent of nal odors require careful study prior to

the adoption because of a lack of technical data on their effectiveness



and safety. Wth regard to the use of oxidants for source nodification
pot assi um per nanganat e, hydrogen peroxi de, and sodi um hypochlorite re-
duced the intensities of malodors froma dredged nmaterial sanple by a
factor of 2 to 3 in small-scale laboratory tests. Addition of Ilime is
used in Sweden and could be considered, as well.

e. Qidelines for abatement of malodors

An odor-abatenment strategy is presented in Figure 23 of the
report. It involves a series of managenent decisions. Results of
the decisions nmade in each step of the abatenment strategy are eval -
uated in terns of their relative cost effectiveness. The management
steps to be considered cover disposal site selection, site prepara-
tion, odor characterization of the sedinents to be dredged, abate-
nment of mal odors during dredgi ng and di sposal operations, mal odor
abatenment after filling of the disposal site, and the handling of

conplaints of malodors.

Conplaints of nalodors at diked dredged material disposa
sites may be expected to occur most-commonly at the tine that
nmal odorous dredged material is punped into a disposal site. Un-
pl easant odors decrease in intensity rapidly after placenent of
dredged nmaterial. A proportionally rapid decrease in the frequency
of conplaints may be expected after cessation of site filling. The
nost effective way to handle the potential of malodors is by advance
inplenentation of the appropriate managenent steps as found in the
odor-abatement strategy (Figure 23).

The physical setting of a disposal site, the nature of the
materials to be dredged, and the local materials avail able for odor
abat enent together constitute a unique matrix that requires specially-
devised managenent actions. It is not feasible to pronul gate uniform
guidelines or to wite a rmanual of practice for odor abatenent for
the wide variety of diked dredged material disposal sites under
jurisdiction of the Corps. Site-specific odor-abatenment strategies
can be developed, however, by following the guidelines of Figure 23



PREFACE

The work described in this report was perforned under Inter-
agency Agreenent No. WESRF 75-104 between the U S. Arny Engi neer
Wat erways Experinent Station (WES), Vicksburg, M ssissippi, and
Argonne National Laboratory (ANL), Argonne, Illinois. The research
was sponsored by the COfice, Chief of Engineers (DAEN~CWO-M), under
the Gvil Wrks Dredged Mterial Research Program (DWVRP).

Mal odors associ ated with confined dredged naterial disposal
areas are sonetimes the subject of public conplaints. This report
di scusses the causes and treatnent of objectional odor conditions
in confined disposal areas and nakes recommendations for odor
abat enent .

The work was conducted by W Harrison, A Dravnieks, R Zuss-
mn, and R Goltz of the Argonne National Laboratory. Assistance
inthe field sanpling phase of the study was given by G G eener of
the Buffalo District, B. Bochantin of the Chicago District, F.
Pruitt of the Mobile District, J. Gaster of the Detroit D strict,

F. Gccone of the New England Dvision, W Hopkins of the Gal veston
Dstrict, and D. Mahan of the Seattle District. M. L. Van Loon,
ANL, also assisted on tw field trips.

M. R das, of Robert S das and Associates, Baltinmore, Maryland,
provided i nformati on on the operational aspects of dredged materi al
di sposal . M. 0. Lauren, of 0. M Lauren Associates, La G ange,
Illinois, provided infornmation and advi ce on odor-nodification pro-

cedur es.

The report was prepared for the D sposal Qperations Project
(DOP) of the DWRP (C. Calhoun, Jr., Manager) as part of Task 2C
"Containment Area Cperations” (M. N Baker, Manager). The contract
was managed by M. Baker under the general supervision of Dr. J.

Harrison, Chief, Environnental FEffects Laboratory.
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| NTRODUCTI ON

Pur pose and Scope of Study

The present study was designed to characterize the nature and
determine the origin of odors at diked dredged material disposal
sites and to nake cost-effective recomrendations for odor abatement.
The field phase of the study was conducted during the period July 2
to Qctober 1, 1975. During this period, a total of seven sites were
found with sufficient odor problens to warrant sanpling trips. Al-
t hough the scope of the study was somewhat restricted as to the
nunber of sites, a reasonable range of odor-producing situations were
visited. Sanpl es were obtained fromthe follow ng | ocations on the
Atlantic and Pacific coasts, near the Qulf of Mexico, and al ong the
shores of the Geat Lakes: Buffalo, New York; MIwaukee, Wsconsin;
Mobi | e, Al abana; York Harbor, Mine; Houston, Texas; Detroit, M chigan;
and Anacortes, \Véshington.

Appr oach

A laboratory program of odor analysis was adopted. Several
samples of odorous air were taken at each field site. Air sanples
were punped into plastic bags and fl own back to the | aboratory for
determnati on of odor type and intensity by experienced odor panel -
ists. Qher sanples were taken by punpi ng odorous air through
specially designed collectors. These sanples were anal yzed for
organi c conpounds in an effort to make thorough chenical charac-
terizations of the odorous substances. Finally, bact eri ol ogi cal
sanpl es were taken at each dredged naterial site in an effort to
determne if specific bacteria were contributing significantly to
the nmeasured odors.

Wth regard to odor abatement, it was decided to approach the
probl em both experinmentally and by canvassi ng state-of-the-art

met hods. The effect of a variety of oxidizing agents on reduction

16



of odor intensity was examned using odor panelists. At the sane
time, several telephone, witten, and face-to-face interview were
conducted wi th individuals either know edgeabl e about odor nodifica-
tion and odor masking or famliar with dredging and di sposal pro-
cedures likely to contribute to the reduced |iberation of odorous
gases.

Pr evi ous Wr k

The authors were unable to find any published work dealing
specifically with the characterization or generation of odors at
confined (or wunconfined) dredged naterial disposal sites. However,
a short menorandumreport was devel oped for the District Engineer,
Chicago District, US. Arny Corps of Engineers (1972), entitled
"Abat ement of (bj ectionabl e Gdors Produced by Contai ned Dredge Spoil."
This report was only a brief review of the problemw th recomenda-
tions for the developnent of Corps' programs in odor abatenent.

No nmeasurenents of any kind were taken.

Qdor - abat enent procedures used by the Gal veston District are
mentioned briefly in Mirphy and Zeigler (1974, p. 60). The pro-
cedures involve the use of (1) kerosene, containing a masking agent,
for odor abatenment at the Houston Ship Channel maintenance dredgi ng
di sposal sites and (2) the use of an odor counteractant and con-
stricted sluices at the dinton disposal area in Houston itself.
The sluices (Miurphy and Zeigler, 1974, Figure 22) were designed to
prevent turbulent flow of the effluent out of the diked area,

thereby reducing emssion of odors.
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SAMPLING  METHODS

Air Sanples

Chr onosor b col l ectors

These devices have been described by Dravnieks et al. (1971).
A collector consists of a stainless-steel cylinder containing five
grans of Chronosorb 102, a hi gh-surface-area, styrene-divinyl-benzene
copol ymer  conpound. Chronosorb 102 is nonpol ar, absorbs little water
vapor, and because of its large surface area (300-400 mZ/g), is an
excel lent absorber of organic vapors. The air to be sanpled is
punped t hrough one or nore of these collectors for 30 mnutes, at a
flowrate of 1.67 &/min. This results in the entrapnent of the organic

species contained in approximtely 50 { of air.

At each of the seven sanpling sites, four sanples were collected
si mul taneously, by neans of a glass-nmanifold, punp, and fl owneter
assenbl y. Prior to each sanpling period the collectors were purged
overnight with a pure heliumflow of 60 ml/min, at 120°C. Sanples
were taken while dredged material was being discharged and at a | oca-
tion as close as possible to the outfall end of the pumpout pi pe.
Imediately after a sanpling run, the collectors were di sconnected
and sealed with Swagelock fittings. These units were then stored in
a cool place until the gas chromat ograph/ mass spectroneter (GC/MS)

was available, wusually 1 to 3 days after a sanpling run.

Tedl ar - bag collectors

Bags of approximately 18-R capacity were manufactured for the
taking of air sanples for use wth an experienced group of panelists.
Two sheets of 0.003-in.-thick Tedlar filmwere heat sealed to form
aflat bag 12 by 32 in. in size with a 2-in.-long spout to accept
0.25-in. O D. stainless steel tubing.* A short length of the tubing

was inserted into the spout and fastened with electrician's tape.

*A table of factors for converting U S. custonary units of neasurenent
to metric (SI) units is presented on page 15.
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Sanples of anbient air were taken (Dravnieks, Prokop, and Boehne,
1975) by placing the bags into an al um num drum equi pped with a fl ange
and a 0,75-in.-thick Plexiglass end plate. The end plate was attached
to the cylinder's flange. The plate was provided with a central spout
for insertion of the bag's stainless steel tubing and with a nipple
carrying a needle valve. The drumwas 9 in. O D., weighed 20 I b, and
was easily portable. A short piece of |atex rubber tubing was used
to hold the bag's tubing in the spout.

To sanple in the field, a hand-operated neoprene bell ows punp*
was used to extract air, via the top plate nipple and val ve, from
the space between the cylinder and the bag. The bag inflates, taking
a sanple through its stainless tubing. Pre-flushing the bag was
necessary to reduce odor losses by sorption at the bag walls. This
was done by taking several liters of anbient air into the bag,
foll oned by reversing the hand punp and expelling the sanple by com
pressing the bag. The punp was again reversed, and the actual sanple
was taken. The entire procedure took 2-3 ninutes. The sanple was
sealed by a | atex rubber tube plugged with a short piece of glass
rod. If another sanple were to be taken, the end plate woul d be
removed; the tubing spout of the bag would be rapidly pulled out
fromthe end plate and i nmedi ately seal ed as above; and a new bag
woul d then be attached.

Sanples were evaluated within 24 hr after sanpling. Previous
work  (Dravnieks, Prokop, and Boehne, 1975) has shown that odors do

not deteriorate significantly in storage of this duration.

Dredged Material Sanples

About 100 m of freshly disposed dredged nmaterial were collected
at each site, placed in a glass jar, and flown to the odor panel for

evaluation within 24 hr. The odor intensity of the dredged materi al

*Quzzler, Cole-Palmer Go., Chicago.
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was greater than that of the anbient air; this permtted the odor
panelists to better describe the odor characteristics of each
sanpl e.

A special three-gal. sanple of dredged material was collected
at the Detroit diked disposal site and stored at 4°C to retard bio-
logical activity. This sanple was used to test the efficiency of
oxidants in reducing odor threshold and odor intensity.

Bact eri ol ogi cal Sanpl es

Field procedures

Were possible, solid or sem solid dredged material was chosen
for bacteriological sanpling, as opposed to highly aqueous suspensions
of the material. At sites where the conposition of dredged materi al
i ssuing fromthe discharge pipe was visually judged to contain too
much water, recently-discharged and partial | y-dessicated materi al
was chosen for sanpling at an area close to the outlet of the dis-
charge pipe.

A clean, |ong-handl ed cooki ng spoon was enpl oyed to renove the

uppernost dredged material, in several passes, until a depth of
approximately 12-15 cm was reached. The next |ayer, approximately
4-cmthick, was deposited upon a sheet of clean paper and was bi -
sected with two sterile pipettes in order to expose the inside.
Using the rins of sterile plastic tubes as scoops, 5 to 10-gm sanpl es
were transferred to each of four tubes. These tubes were then capped
and tightly taped. A sterile nichronme bacteriol ogical |oop was used
to transfer additional material to various bacteriological nedia.

Wien hi gh-water-content dredged material was sanpled directly
from the nmouth of a discharge pipe, grab sanples were obtained with
propi pette-outfitted sterile plastic pipettes of 10-ml capacity.

Five 5-m sanples were expelled into separate sterile plastic tubes,
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four of which were capped and taped. The fifth sanple was retained

for inmediate aseptic transfer to bacteriological nedia.

Dredged nmaterial sanples at all sites were i medi ately inocu-
lated into BBL* Prepared Thioglycollate Medi um and streaked for iso-
lation onto BBL prepared trypticase soy agar plates. One exception
was the substitution of Mueller-Hinton and bl ood agar plates for
trypticase soy at the Anacortes, Washington, site. A sanple of
approxi mately one-half gramwas estimated for inoculation into the
thioglycollate tubes.

Storage and incubation

In the early stages of this study, two sanples of dredged
material fromeach site were transferred to Dewar bottles containing
either frozen carbon dioxide or water ice. Following initial trans-
port from the site, the dry ice sanples were kept at freezer tenpera-
tures (approxi mtely -25°C or below) until bacteriol ogical analysis
was performed. \Water-ice sanples were kept at refrigerator tenpera-
tures until workup. Frozen storage was i nmedi ately discontinued in
favor of storage at refrigerator tenperatures when it was di scovered

that bacterial viability was greatly decreased by freezing.

Imedi ately after inoculation with dredged material, the thio-
glycol late tubes and petri dishes were placed into a BBL GasPak for
anaerobic growh. Such cultures were incubated at roomtenperature
for approximately 48 to 72 hr or until adequate col onial growth was
observed on the dishes through the side of the GasPak. Further

growth was then inhibited by placing the unopened GasPak assenbly
in the refrigerator for storage.

*Regi stered Trademark of Baltinore Biological Laboratories, Inc.,
Di vi sion of Becton, D ckenson & Co., Cockeysville, MD 21030.
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Ancillary Environmental Data

Several measurenents of anbient conditions were nade at each
di ked di sposal site during the time that the Chronosorb- and Tedlar-
bag collectors were being filled. The H,S content of the air near
the end of the discharge pipe was neasured with a | ead acetate
detector (Metronics Associates Mdel No. 721). Wnd speed was
determined at a point 1.5 moff the ground with a hand-held cup
anenonet er. Wnd direction was estimated using a hand-hel d conpass
and relative humdity was determined with a sling psychroneter. Air
tenperature and dredged naterial tenperature were determned with a
nmercury stem thernoneter. Dredged nmaterial pH was determined with
Fi sher Al kacid pH paper that had a pH range from2 to 10. The general
odor type was estinated by the scientists present in a given sanpling
party.
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SAVWPLE  ANALYSI S

[dentification of Qdorous Commounds

[ dentification schene

Qdor ous conpound identification was acconplished by human nose
and by gas chromat ography/ mass spectronetry (GJ Ms). (ne of the
four Chronosorb sanples fromeach site was anal yzed on a Hewlett-
Packard GC/MS systemlocated at Northwestern University. Two of
the Chronosorb sanpl es were anal yzed on a Varian Aerograph GC at
the Illinois Institute of Technology Research Institute (IITR). (ne
Chronosor b-col | ected sanpl e was hel d as a backup in case of an
analytical failure at either institution.

Both the Northwestern and the |1 TR gas chromatographs were
equi pped with Supel co SP-1000 col ums of 1/8-in. OD. These GC's
were tenperature progranmed at 45-180°C at 2°C/min. In addition,
the SP-1000 colum at |II1 TR was exchanged for a sulfur-specific
(acidified polyphenyl ether) colum for running the second Chronosorb
sanpl e. The 11 TR GC was equi pped with a sniffing port so that a
notation could be made by the operator of the GC concerning the odor
characteristic (if present) while a given peak was being recorded
on a chromatogram (The IITR GC was used because the Northwestern

& did not have a sniffing port or a sulfur-specific colum.)

The schene for identification of odorous conpounds, then,
i nvol ved rel ating the odorous peaks (Figure 1) found using IITRI's
SP-1000 colum and sniffing port to the same peaks found using
Northwestern's SP-1000 columm and GG coupled mass spectrometer.  Thus
from anong the many conpounds that might be identified in a sanple
through the use of Northwestern's GO M, it would be possible to
pick out those which were, in fact, odorous. Al though the fore-
going schene is reliable in principle, at tines it was difficult to
relate peaks from the IITR GC to those from the Northwestern GCC
This was believed to be due to the differing characteristics of the
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SP-1000 colums and to unavoi dabl e differences in the operational
characteristics of flow and tenperature progranm ng controls for the
two instrunents. Nort hwestern's SP-1000 colum was 12 ft long, with
2% loading, while IITRI's was a 10-ft-long col um with 10% | oadi ng.

The difference between the data fromtwo instruments is not
critical. Compounds identified mass-spectronetrically did occur in
the sanples, but it was not always possible to indicate which peak
in the odorogram corresponded to some specific compound so identified.
Li kewi se, odors assayed in the odorograns did belong to the conponents
of sanples but sonetimes could not be positively assigned to a specific
mass-spectronetrical ly-identified conponent.  Both net hods essentially
suppl enent  one anot her.

Anal yti cal detail s

Dravnieks et al. (1971, p. 1221) have described the injector
needl e and rel ated apparatus used to elute the organic vapors off
the Chronosorb and into the GC.  The sanpl e-injection apparatus had
to be nodified somewhat for Northwestern's GC, a Hew ett-Packard
5700 Series. (Cccasionally, loss of material was noted during the
injection of a sanple into the GC at Northwestern. This resulted
in a reduced peak size and often made the interpretati on of the
mass spectra inpossible, due to large background effects. Eventually,
t hi s phenonenon was traced to the length of time that the sanple
was heat ed. It was possible to correct for this problemby heating

the needle for about one ninute during injection.

In a typical run at Northwestern University, the GC col um was
programred at 2°C per minute to 180°C and hel d at that tenperature
until no more conponents eluted from the colum. Conponents injected
on the colum fromthe injector needle eluted fromthe outlet of the
colum at different intervals depending upon their adsorption on the
liquid phase, SP-1000, and upon their vapor pressure. Thus, a

separation or partial separation of each of the conponents of the
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air sanple could be achieved. A visual representati on of such a
separation is shown in Figure 2, where the tinme fromthe noment of
injection, the retention time, is the x-axis and the anount of sanple
eluting from the GC colum, as measured by a flame ionization detector
hooked to the separator/enricher outlet, is along the y-axis. A por-
tion of the conmponents eluting fromthe colum was sent to the mass
spectroneter and mass spectra were run when desired. Since part of
the l'iquid phase of the colum also enters the nmass spectroneter

along with each conponent of air, background mass spectra were run
from time to time between peaks. Those mass-spectral peaks associ ated
with the background were subtracted fromthe nmass spectra obtai ned at
the time that a conponent of the air sanple was eluting fromthe

col um.

A Dbackground-subtracted, or clean, mass spectrumis shown in
Figure 3. It corresponds to GC peak "51-58" of Figure 2. The nost
intense peak in the spectrum of Figure 3 is nme 77. The second
nost intense peak is me 105; the third is mie 106; the fourth nme
51; the fifth mle 50; and the sixth, me 78. According to pre-exist-
ing lists of mass spectra (American Society for Testing and Materials,
1969), it can be concluded that the substance producing the original
&C peak is benzaldehyde. Al the mass spectra of this study were
determned in this fashion. It was often inpossible to determne
the identity of a conmpound when the peaks of the mass spectrum were
barely, if at all, above the peaks of the background; that is, when

the conpound was present only in trace anounts.

The sul fur-specific colum used at |1 TR was a Supel co, T/
pol yphenyl ether columm (12% 0S-124), contai ning 0.5% H3P0, and 40/60
nesh  Chronosorb.  The SP-1000 col um used was a 10-ft, 10%on 50/80
nesh Supel coport colum of 0.125-in. QD As nentioned earlier, the
C was a 1200 Series Varian Aerograph equi pped with the sanpl e-transfer
apparatus described by Dravnieks et al (1971).
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Determ nati on of Qdor Properties

The principal dinmensions of an odor are its detection threshold,
intensity, and character. In odorous air pollution mneasurements,
the detection threshold is traditionally defined in terns of the
Anerican Society for Testing and Materials (ASTM odor units (Anerican
Society for Testing and Materials, 1967). The formof definition is
presently undergoing a revision; essentially, the numerical value in
odor units indicates the extent of dilution with nonodorous air
needed to reach an odor detection threshold. Thus, one volune of
odorous air that is 12 odor units strong needs an additional 11 vol unes
of odorless air (to produce a total of 12 volumes) to obtain a diluted
sample with an odor that 50% of the panelists on an odor panel would,

and the other 50% would not, find odorous.

Qdor intensity is only loosely related to the odor-unit content
of an odorous air sanple. Qdor intensity Sis the intensity of the
odorous sensation (Anmerican Society for Testing and Mterials, 1975)
and increases with the concentration of odorants in accordance
with a function

where Cis the concentration of the odorants in the sanple, for
instance in odor wunits, and k and n are coefficients that are differ-
ent for different odorants.

Therefore, odor-unit content is not a direct measure of the
odor intensity of the undiluted sanple; rather, it indicates sinply
the extent of dilution needed to mnake a sanple reasonably odorless.
e odor at 12 units may actually snell considerably stronger or

weaker than another odor, also 12 odor wunits strong.

This problemis handl ed by a new ASTM Tentati ve Procedure for
Ref erenci ng Qdor Suprathreshold Intensity (E-544), which uses a

1-but anol concentration scale to reference the nondil uted odor
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intensity (American Society for Testing and Mterials, 1975). This
nmet hod for measuring undiluted odor intensity, however, has not yet
become part of any regulations.

Since the only experience published and reflected in various
odor-control regulations is anchored to the odor-unit concept, the
odor-unit content of the Tedl ar-bag sanpl es was eval uated using the
procedure described below  The procedure based on the new ASTM E- 544
procedure was not used because not enough data exist to interpret
the environmental significance of E-544 intensity values.

The other inportant dinension of odor is its character. The
mul tidescriptor scale, developed by Harper et al. (1968) and consisting
of 44 descriptors, has been expanded recently by Dravnieks, O Donnell,
and Reilich (1975) to include 136 descriptors (Table 1), to provide
a better resolution of odor character. Panelists snell the sanple
and give their estimates of the degree of applicability of each odor
descriptor using a score scale of 0 to 5. The result is a multi-
dirmensional profile of the odor. The neaning of the scale points
(Table 1) is as follows:

described quality absent
descpibed quality sljghtly applicable

n "

0
1
2
2 _= described quality noderately applicable
5

= described quality extrenmely appropriate

Determ nation of the odor properties was conducted at the |1 TR
Sensory Research Facility in Park Forest, |Illinois. Sanples  collected
inthe field trips were evaluated within 24 hr after collection, using
odor panels consisting of 9 experienced nenbers. The panelists were
not aware of the nature of the sanples. Sanples from the sanme field
trip were evaluated by the same group in the sane session, thus
reducing the variability due to human factors. There was some unavoi d-

able variation in the panel conposition fromsession to session, but
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generally, panel-averaged data did not grossly fluctuate (cf. Dravnieks,
Prokop, and Boehne, 1975), because the policy used in formng the
odor panels was to use substitutes that have approxi mately the same

level of olfactory sensitivity as the mssing menbers.

Cdor units

The apparatus shown in Figure 4 was used to deternine the dilu-
tion thresholds of the Tedlar-bag air sanples. A bag containing the
sanpl e was placed in the drumand conpressed, by punping air into the
space surrounding the bag. This expels the sanple at a controlled
rate, regulated by a water-colum nanostat, into a 5-1evel, dynamic-
triangle olfactometer (Dravnieks et al. 1975). The sanple was nade
available at a steady, continuous flow of 500 ml/min and at dilutions
of 81x, 27x, 9x, 3x, and Ix (no dilution). A each dilution |evel,
the panelist was also presented with two blank air sanples (all
flowing at 500 ml/min) and had to select, every time fromthe three
("triangle") sanples presented, the odor that was different fromthe
other two. The panelist signaled his selection by depressing the
appropriate  button, which produced a lighted signal on the score-
board panel (Figure 4). The panelist had to nake a choice; if he
could not decide on the basis of odor, he had to sinply guess. This
was a basic requirement in the forced-choice-triangle procedure, and

was necessary for statistical reasons.

N ne panelists were used, selected to represent approximtely
the distribution of the odor sensitivities in the general popul ation
(three high, three low and three of medium sensitivity). Each
panel i st began with the nost diluted sanple | evel (81x) and proceeded
through the increasingly nore concentrated sanples. A panelist's
detection threshold was defined statistically as the geometric mean
of that dilution at which he mssed |last for the particular sanple and
that dilution beginning with which he began to select correctly and

consi stently. The panel -averaged dilution threshold is the geometri cal
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nean of the individual thresholds. It is termed ED50 (Effective Dosage
at the 50 percent |evel) and designates here that extent of dilution
at which 50 percent of the panelists would, and 50 percent would not,
consistently detect the odor. The EDSO units are nunerically equiva-
lent to odor wunits per cubic foot.

In the forced-choice procedure with nine panelists, one-third,
or three panelists, can be correct by chance at an undiluted (higher
concentration) level even if all three sanples presented at this |evel
are totally nonodorous.  these three, one-third again, or one
panelist, <can be again correct by chance at the preceding (3x dilution)
| evel . Such statistical probability would result in a fictitious
threshold of 1.4 odor wunits (Dravnieks, 1976). Values of this kind
are not to be taken at face value. Cenerally, if only three or four
of nine panelists are correct at the highest (undiluted) concentration,

there is little evidence that the sanple is really odorous.

Odor characteristics

The sanpl e bag was di sconnected fromthe ol factoneter and was
conpressed, While still in the alumnumdrum at a rate of 500 ml/min.
The bag spout was connected by a Teflon tubing to a glass sniffing
port. Panelists snelled the sanple exiting fromthe bag and then
conpl eted the descriptor form (Table 1).

The dredged naterial sanples were evaluated as follows. A
Tedlar bag was cut at one corner; a 100 to 200-m nud sanpl e was
placed into the bag; and the cut corner was clanped tightly with a
special  screwclanp. The bag was then inflated w th nonodorous air,
the sanple tossed around in the bag, and the resulting air sanple,
cont ai ni ng odorous vapors essentially at equilibriumwth the dredged
material at room tenperature, was evaluated for its odor characteris-
tics. Atime period of 15 to 30 mnutes was all owed for devel oprment
of an equilibrium concentration of odorous air in the bag. Dredged

material treated in the laboratory with various chemnicals was sanpl ed
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for odors by the same nethod. Eval uation of odor threshold and odor
character of the air in each bag containing treated dredged nateri al
proceeded exactly as wth the anbient air sanples.

In the analysis of the descriptor data, descriptors used by
only one panelist in nine were sinply noted and recorded in the final
data tabulation by a period (e.g., Table 12). Those descriptors used
by two or nore panelists were further nunerically treated. A descrip-
tor may be used at a high score level by a few panelists, or at a |l ow
level by many or all. To balance both effects, the follow ng pro-
cedure (Dravnieks, ODonnell, and Reilich, 1975 was used:

(1) Calculate the percent of panelists who used

the particular descriptor for the particul ar
sanpl e.

(2) Calculate the sumof scores for this descriptor.

(3) Calculate the sumas the percent of the naxi-
mum possi bl e score sum (45 in a group of nine
if every panelist gave a score of five).

(4) Calculate the geonetric nean of both of the
above percent values. The result is termed
the percent applicability of the descriptor.
By this procedure, nine panelists each giving a score of one woul d
produce approxi mately the sanme applicability value as five panelists
each giving a score of three.

Quantitation and ldentification of Bacteria

Quantitation

Wi ghed sanpl es of dredged material were appropriately diluted
and pl ated upon petri dishes of DSV (Desulfovibrio)agar* and BBL

MacConkey's agar. DSV agar is an enriched medi um containing iron,

*Formula taken from American Type Qulture Collection (ATCO,
Catalog of Strains; 9th Edition, 1970.
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glucose, and yeast extract; it indicates HyS produced by Desulfovibrio
species. MacConkey's agar is a selective indicator mediumfor the
presunptive identification of enteric bacteria.

After anaerobic incubation at room tenperature (20-25°C bac-
terial colonies were counted, and the nunbers of viable cells per gram
wet weight of sanple were calculated. The percentage of enteric
bacteria was cal cul ated by comparing the nunber of enteric col onies
that grew on MacConkey's agar with the total nunber of col onies that
grew on DSV nmedium on a per weight basis of sanple. Colonies selected
for further study were transferred to agar slants of DSV or
Trypticase Soy Miintenance Medium

I dentification

Al bacteria were identified and classified according to
Bergey's Manual of Deternminative Bacteriology (Buchanan and G bbons,
1974). Gram stains were made from col oni es selected for identifica-
tion. Cell norphology, including the identification of spores, was

then determined by nicroscopic exanination.

Bacteria presunptively identified as enteric were inoculated into
routine diagnostic nedia for confirmation and final identification.
Bacteria presunptively identified as Bacillus or Clostridia species
were inoculated into soil-extract Trypticase Soy Agar for spore studies,
into 12%gel atin mediumto study gel atin deconposition, and into routine
semisolid diagnostic nedia containing carbohydrates (such as glucose)
for further identification as well as for evaluation of gas production.
Wiere warranted, |ead-acetate nedi umwas used to detect the produc-
tion of H,S by Clostridia.

Wil e the identification of nethane-producing bacteria, if
present, would have been wuseful, the long time required for their
identification exceeded the tine-frame of this project. \Where possi-
ble, all bacteria with the exception of the Costridia were identified
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to the species level. dostridia were identified only as to Goup
(Gp) .

Using the above nmethodology, a nunber of bacteria were identi-
fied including several species of enterics and Bacillus, groups of

Clostridia, and nmiscel | aneous species in other categories.*

Qdor  Abatenent  Experiments

Qdor abat enent experinments were performed with oxidizing agents
on subsanpl es of the dredged material sanple fromthe Detroit, M chi-
gan, disposal area at Gassy Island. Sanples from other areas were
not used because the initial odor-dilution threshold |levels were too
low and it woul d have been difficult to detect any differences in

threshold levels between treated and untreated sanples

The reagents used to oxidi ze odor - produci ng substances were
pot assi um per manganate (KMnO4), sodi um hypochlorite (NaOCL), hydrogen
peroxi de (Hz02), and ozone (03). Sinple-aeration and line [Ca(OH),]
treatment were also used. The concentrations and contact tinmes were

vari ed. A set of untreated sanples was analyzed as well.

For each test of an oxidant, approximately 100 cc of dredged
material was placed in a Waring blender. A proper amount of reagent,
based on contained solids, was then added to the dredged nateria
and thoroughly nixed for about 1.5 ninutes. Qzone was bubbl ed at 100
ml/min through a sanple vigorously shaken in a fritted, glass bubbling
flask. The mxture either was put directly into a one-R plastic jar
and put aside, or was used i medi ately, dependi ng upon the contact

time required for each test. Sanples were transferred to Tedl ar

*I't is interesting to note that no Desulfovibrio organi sns were
i dentified. This is not surprising in view of the concl usion
(Dunnette, 1973) that such organisns are found principally in the

uppermost layers of sedinent. Thus, unless the materials sanpled
represented only the top few centineters of dredged sedinents,

dilution would have rendered the isolation of Desulfovibrio sp.
quite unlikely.
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bags prior to testing by an odor panel, as described in a previous

section on odor characteristics.
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RESULTS

Dredged Material Disposal Sites

Buffalo, New York

This disposal site (Figure 5 is on the south side of Buffalo,
on the eastern edge of the outer harbor. The dike encloses a roughly
rectangular area measuring approximately 19.5 acres. The di sposal
site contains nmaterial dredged fromthe Buffal o R ver Entrance Channel
and the Buffalo Rver proper. Dredged material is custonmarily trans-
ported by Corps hopper dredges to the disposal area. A few snall trees
and shrubs grow on the surface of the dredged material (Figure 6). A
petrol eumodor is said to be prevalent during a dredge's six-day work
week and an oil slick can usually be seen on water surfaces within
the diked area. The odor drops off on Sundays (G G eener, 1975, oral
communi cation) when dredging and pumpout cease. At the tine this site
was visited, much of the area was above water. The discharge end of
the dredge pumpout was |ocated near the center of the dredged nateri al
area (Figure 5 Point B).

Two visits were nmade to this site. On July 2, 1975, sanples of
odorous air were punped through the Chronosorb sanpl ers, both during
material transport while on the hopper dredge LYMAN and at the site
(Figure 5, Point A. Unfortunately, two of the sanples were inprop-

erly analyzed.

On August 7, 1975, sanples were taken by all methods; the results
of the analyses are presented in Tables 2 to 4. Environnental data
were also taken on August 7 and are presented in Table 5.  Sanples
were col | ected about 48 hours after cessation of punping by the dredge
LYMMAN. A faint gasoline or petroleumlike odor was present at the
site. According to several workmen, this odor was quite pronounced
on the last day the LYMAN operated. Gdor-threshold |evels, determnm ned

from the Tedlar bag sanples, are presented in Table 6. The odorogram
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BUFFALO RIVE

STATE ROUTE 5

SMALL BOAT HARBOR L4 .B

\ DIKE

DIKED DISPOSAL AREA

SLIP

BUFFALO OUTER HARBOR

SOUTH  BREAKWATER

LAKE ERIE

0 8

Figure 5. Map of confined disposal area in Buffalo, NY, outer harbor.
Point A indicates where Chronosorb sanpl es, one Tedl ar bag,

one dredged naterial sanple, and biological sanples were
t aken. Point B indicates downwi nd site for Tedl ar-bag sam

ple, and Point C indicates upwind site for Tedl ar-bag sanpl e.
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Tabl e 2

Panelists' (dfactory Sense Evaluation for Dredged

Material Sanpl e Taken at Buffal o, NY

(August 7, 1975; ED50 = 29)

Descriptive Descriptor Applicability

Ter m nol ogy per cent
burnt,  snoky 4
sharp, pungent, acid 9
like gasoline, solvent 42
paint-like 4
oily, fatty 24
si ckeni ng 31
tar-1ike 11
burnt  rubber 13

Table 3

GC/MS ldentified Conpounds and Associ ated Cdors
for Chronosorb-collected Sanple fromBuffal o, NY
(August 7, 1975)

CC Peak's dor
Conpounds Characteristics

acet ophenone no correl ati on*
| - met hyl benzene "

o-al | yl phenol "
mer capt obenzot hi azol e "
napht hodi oxane "
t er epht hal dehyde "
benzal dehyde "

*| ndi cates that although an odorant was found by nass
spectrometry, it could not be correlated directly to

a specific QC peak on the odorogram obtained froma
di fferent i nstrunent.
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Table 5

Envi ronnent al Measurenents at D ked Dredged
Material D sposal Site, Buffalo, NY
(August 7, 1975; 1000 hr CDT)

Vari abl e Val ue
Dredged naterial tenperature 18°C
Air tenperature 19°cC
Relative  humdity 75%
Wnd speed < 2 km/hr
Wnd direction (from 45°T
Rainfall, previous two days 14"
H,S content of air at site < .007 mg/
pH of dredged materi al 7
Qdor petrol eumlike

Table 6

Qdor-dil uti on Threshold Level s (ED5O)

for Sanples fromBuffal o, NY
(August 7, 1975)

Location* Sanple Type ED50
Point  A** Tedl ar bag 4.1
Point B Tedlar bag (downwi nd) 2.8
Point C Tedlar bag (upwi nd) 1.7
Poi nt A Dredged material 29

*Sanpling locations are shown on Figure 5.
**Location of  Chronosorb-collected sanples.
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for the sulfur-specific colum indicated the presence of sone sulfur

conpounds, including diethyl sulfide which has an unpleasant odor.

M | waukee, W sconsin

This disposal site (Figure 7) is located on the western shore
of Lake Mchigan in the Gty of MIlwaukee. A dike encloses a sub-
nerged fill area of approximately 26.6 acres. This site was being
filled (Figure 8) by the hopper dredge HOFFMAN, during the site
visit in July, 1975. The odor enanating from the dredged material,
while on board the dredge, was sewage-like in nature. Al though the
odor was not particularly strong, several crew nenbers indicated
that the odors sonetinmes becane so noxious that they plugged their
noses wth cotton. This condition occurred, they said, when the
HOFFVAN first began to strip off the upper |ayer of sedinments inmedi-
ately offshore of the sewage-treatnent plant (Figure 7).

On July 15, 1975, sanples were taken by all nethods; the results
of the analyses are presented in Tables 7 to 9. Environnental data
were al so taken on July 15 and are presented in Table 10, The Chromo-
sorb sanpl es were obtai ned onboard the HOFFMAN while it was dredgi ng
at Point B (Figure 7). Qdor-threshold I|evels, determned fromthe
Tedlar-bag sanples, are presented in Table 11. The odorogram for
the sul fur-specific colum indicated the presence of sulfur conpounds,
none of which had odors. (Note that HyS is not detected by this
col um.)

Mobi | e, Al abana

Two disposal sites (Figures 9 and 10), | ocated on the east
side of Mbile, were examned. Material at both sites was about
three years old at the time of the authors' visit, having been enpl aced
bet ween Sept enber and Decenber of 1972 during a 1,180,000 yd*® main-
tenance job. Dredged naterial area No. 1 (Figure 9) is located just
north of Routes 16 and 42, on Blakeley Island. Sanpling point A
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50

Figure 8. Looking east along south side of Milwaukee, WI, diked dredged material

disposal site, hopper dredge HOFFMAN in background, July 15, 1975.
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Table 7

Panelists' Ofactory Sense Eval uation for

Dredged Material Sanple Taken at M I waukee, W
(July 15, 1975)

Descriptive Descriptor Applicability

Ter m nol ogy percent
burnt, snoky 22
sour, acid, vinegar 18
dry, powdery 7
sharp, pungent, acid 30
putrid 10
si ckeni ng 60
tar-like 18
burnt  rubber 33
sewer 16
new rubber 11

Table 8

GO/ MB-ldentified Compounds and Associ ated CQdors
for Chronosorb-coll ected Sanple fromM | waukee, W
July 15, 1975)

@QC Peak's Cdor

Conpounds

benzal dehyde
hept al dehyde
t-butyl  benzene
napht hal ene

3, 5 5 trimethyl hexanol

2 ethyl hexano

Characteristics

unpl easant

unpl easant

odor

no odor

no odor

no correl ation
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Table 10

Envi ronnent al Measur enents on Hopper Dredge
HOFFMAN, M | waukee, W
(July 15, 1975, 1230 hr CDI)

Vari abl e Val ue
Dredged naterial tenperature 16.7°C
Air  tenperature 31°C
Relative  humdity 45%
Wnd speed 15 km/hr
Wnd direction (from 225°T
Rainfall, previous two days negligible
H;S content of air above hopper < 0.0095 mg/2
pH of material in hopper 8.0
Qdor sewage-|ike

Table 11

Qdor-dil ution Threshold Level s for Sanpl es

from MIlwaukee, W
(July 15, 1975)

Locati on* Sample  Type ED50
Point A Tedlar bag (downwi nd) 1 .5Jr
Point B** Tedlar bag (dredge punping) 1.2
Point C Tedlar bag (discharge) 18
Point D Tedlar bag (dredge return trip) 2

*Locations are shown on Figure 7.

**Location of Chromosorb-collected sanples.

JrVaI ue is insignificant; in this | owodor range, an

ED50 of 1.2 can result fromstatistical probabilities
al one.
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(Figure 9) was inside a recently dug drainage ditch, and the resultant
odor intensities may represent the odorosity at the tine of dredging.
Sanmpl e Point B (Figures 9 and 11) would be nore representative of
odors three years later. Dredged naterial area No. 2 (Figure 10) is

| ocated at the confluence of the Chickasaw Creek and the Mbile

River slightly northwest of Site No. 1. Both sites were overgrown
with various plants and shrubs, but the growth at Site No. 1 was

less than that at No. 2. A nmarshy and sul fidic odor was observed

at Site No. 1, but no odor was observed at Site No. 2.

On July 24, 1975, sanples were taken by all nethods; the results
of the analyses are presented in Tables 12 and 13.  Experinental pr ob-
| ems presented Obtaining Gc/Ms data. Environmental data were also
taken on July 24 at the south and north ends of disposal area No. 1
(Figure 9), and are presented in Tables 14 and 15, respectively.

Tedl ar - bag sanpl es and dredged nmaterial sanples were taken at the
areas shown in Figures 9 and 10 and the results are presented in
Table 16. The odorogram for the sul fur-specific colum indicated

t he presence of sone sul fur conpounds that were described as "nusty."

York Harbor, Mine

This disposal site (Figure 12) is located to the west of York
Village on the north side of the York Harbor golf course. The
residential area surrounding the site is sparsely populated. The
confined disposal area is being filled with dredged naterial from
the York Rver (Figure 13). The material is transported through
the woods via a 12-in.-diameter pipeline about 1/2 mle |ong.

On August 19, 1975, sanples were taken by all nethods; the
results of the analyses are presented in Tables 17 and 18. The
Chronosorb sanpl es showed very | ow readings and the only conpound
that could be identified was benzal dehyde. It could not be corre-

lated with any odorogram peaks. Environnmental data were al so taken
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Table 12

Panelists' (Qfactory-sense Evaluation for
Dredged Material Sanple Taken at Mbile, AL
(July 24, 1975)

Descriptive Applicability

per cent
Descriptive Site | Site 11
Ter m nol ogy (ED50 = 4.1) (ED50 = 8.5)
al nond-|i ke — 22
musk-1ike - 13
nusty, earthy, noldy 9 18
burnt, snokey 24 31
sour, acid, vinegar - ok
oily, fatty - 7
sharp, pungent, acid - .
sweaty 4 25
dry, powdery 9 ,
ranci d 13 13
ani mal ‘ 11
like blood, raw nmeat - 16
putrid 4 24
fecal (like manure) ‘ .
si ckeni ng 24 42
stale 18 18
mushr oom - 22

woody, resinous ‘ -
garlic, onion ‘ -
metallic ‘ -
like nothballs ‘ —
like gasoline, solvent ‘ -
sewer 16 -
househol d gas 9 -

*(+ means descriptor used by only one panelist).
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Table 14

Envi r onnent al

Measur enents Made at South End of

D ked Dredged Material D sposal Site |, Mbile, AL
(July 24, 1975; 0900 hr CDT)

Vari abl e Val ue
Air  tenperature 26°C
Relative hunidity 97%
Wnd speed 5 km/hr
Wnd direction (from 150°T
Rainfall, previous two days 1.0 in.
H,S content of air at site .31 mg/e
pH of dredged material 7.2
Cdor sul furous

Table 15

Envi r onnent al

Measur enents Made at North End of D ked

Dredged Material D sposal Site |, Mbile, AL
(July 24, 1975, 1245 hr CDV)

Vari abl e Val ue
Air  tenperature 29°C
Relative hunmidity 82%
Wnd speed 12 km/hr
Wnd direction (fron 165°T
Rainfall, previous two days 1.0 inc.
H,S content of air at site .03 mg/L
Qdor mar shy
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Table 16

Odor-dilution Threshold Levels
for Sanples from Mbile, AL
(Jul'y 24, 1975)
Location* Sample Type EDSO
Point A Tedlar bag 2.2
Point A Dredged material 4.1
Point B Tedlar bag (downwind from "A™) 2.5
Point ¢ dredged materi al 8.5
*Locations are shown On Figures 9 and 10
Table 17
Panel ists' (Qfactory-sense Evaluation for
Dredged Mterial Sanple Taken at
York Harbor, M
(August 19, 1975; EDg = 6. 6)
Descriptive Descri ptor Applicability
Termi nol ogy percent

musty. earthy, noldy 13
burnt, smokey 28
dry, powdery 4
sulfidic 22
putrid 13
sickening 20
househol gas 13
paint-like ok
stale 1
mushroom
tar-1ike -
sooty 17

*(+ means descriptor used

by only one panelist)
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on August 19 and are presented in Table 19. Tedlar-bag sanples
and a dredged naterial sanple were taken at the points shown on
Figure 12. The results of the panelists' deterninations are
presented in Table 20. The odorogram for the sul fur-specific

colum indicated that no sulfur conmpounds were present.

Houst on, Texas

This disposal site (Figure 14) is located just north of Gal ena
Park and south of Jacinto Gty (two suburbs on the northeast side of
Houst on) . The site is known as the dinton site and covers about
580 acres; it is characterized by many shrubs and willow trees, some
more than 15 feet in height (Figure 15). It is being filled by pipe-
line dredge with material fromthe upper reaches of the Houston Ship
Channel . Dredged naterial is transported fromthe Channel to the
site via a 15,000-ft, 20-in.-di ameter pipe. The dredged material in
the discharge area is typically black and oily in appearance, as is
the liquid runoff in the imediate area. The solids, after settling,

are nostly clean sand containing some red clay and shell fragnents

A mal odor counteractant (Custom Industries Counteractant #11)
is being used at this site. It is mxed with the dredged materi al
at a ratio of one gallon of counteractant to four gallons of kero-
sene. The 5-gal solution is then poured directly into the discharge
area every two hr. By special arrangement, the counteractant was
not added for 48 hr prior to arrival for sanple collection

On August 27, 1975, sanples were taken by all methods; the
results of the analyses are presented in Tables 21 to 23. Environ-
nmental data were al so taken on August 27 and are presented in Table
24.  Sanples were collected at the points indicated on Figure 14.

A strong, petroleumlike odor was present at the site. Qdor- thresh-
old levels, determined from the Tedlar-bag and dredged nateria
samples, are presented in Table 25. The odorogram for the gsulfur-
specific colum indicated that no sulfur conmpounds were present.
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Poi nt A indicates where Chronosorb sanples, one Tedlar-
bag, one dredged material sanple and one bi ol ogi ca
sanple were taken. Point B indicates downwi nd site for
Tedl ar-bag sanple, before and after additive was
admi ni st ered

66



*punoa8saoj ur saTdwes Seq-aelpel 103 wnap Jurfdues -G 6T /7 3Isndny

uo pele JesodsIp [BTI9]EBW Padpaip pPaYIp

‘X1 ‘uoisnoy 3e adrd 3nodund jo pug °¢1 2an3d1jg

67



Table 19

Environnental Measurenents made at Diked Dredged

Material D sposal Site, York Harbor, M
(August 19, 1975; 1030 hr EDI)

Vari abl e Val ue
Dredged naterial tenperature 16°C
Air  tenperature 20°C
Relative  humdity 48%
Wnd Speed Steady breeze
Wnd direction (from 330°T
Rainfall, previous two days 0
H2S content of air at site .01 mg/2
pH of dredged material 6.5
Qdor muddy

Table 20

Qdor-dilution Threshold Levels for Sanple from
York Harbor, ME
(August 19, 1975)

Locati on* Sample  Type ED50
Point  Ax* Tedlar bag (discharge) 4'6+
Point A dredged material 1.2
Point B Tedlar bag (downwi nd) 4, 1Jr
Point C Tedlar bag (upwi nd) 1.2

*Locations are shown in Figure 12.
**Location of  Chronosorb-collected sanple.

Yalue is insignificant; such a lowodor reading can
originate nerely from statistical factors.
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Table 21

Panel i sts'

A factory-sense Eval uation for

Dredged Material Sanpl e Taken at Houston, TX

(August 27, 1975; ED

10. 8)

50

Descriptive Descriptor Applicability

Ter m nol ogy per cent
sweet 13
gasol i ne-1ike 74
oily, fatty 34
sul fidic 16
si ckeni ng 44
household gas 27
ker osene 21
metal lic 16
musk-1ike 10
musty, earthy, noldy 9
burnt,  snoky 16
dry, powdery 19
stale 12

Table 22

QO M5-1dentified Conpounds and Associ ated Qdors for

Chronosor b-col | ected Sanpl e from Houston, TX

(August 27, 1975)

Conpounds

3-isoanyl t hi ophene
2-n-hexylthiophene
di et hyl f umar at e

1- met hyl napht hal ene
acet ophenone

QC Peak's dor
Characteristics*

no odor
no odor
no correl ation
no odor
no odor

*Al t hough the individual concentrations of these com
pounds were too low to exhibit odors, jointly they coul d

produce an odor.
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Table 24

Envi ronnent al Measurenents Made at D ked

Dredged Material Site, Houston, TX
(August 27, 1975; 0930 hr CDT)

Vari abl e Val ue
Dredged naterial tenperature 30°¢C
Air  tenperature 28°C
Relative hunmidity 87%
Wnd speed 5 km/hr
Wnd direction (from 45°T
Rainfall, previous 2 days negligible
Hp8 content of air at site .6 mg/L
pH of dredged materi al 6
Qdor petrol eum|ike

Table 25

Qdor-dilution Threshold Levels for

Sanpl es from Houston, TX
(August 27, 1975)

Locati on* Sanmple  Type ED50

Point  A** Tedlar bag (discharge) 9

Point A dredged material 10.8

Point B Tedl ar bag (downw nd, no counter- 2.5
actant)

Point B Tedl ar bag (downw nd, counteract - 2.5

ant  present)

*Locations are shown on Figure 14.

**|ocation of  Chromosorb-collected sanples.
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This, on the surface, appears contrary to the GC/MS results (Table
22). The conpounds determ ned by the GC/MS anal ysis, however, were
detected solely by the mnass spectroneter. Thus, the M5, being
nore sensitive than the sul fur-specific colum, did detect |ow

concentrations of sulfur conpounds.

Detroit (Gassy |Island), Mchigan

This disposal site (Figure 16) is located on an island in the
mddle of the Detroit Rver. The VWandotte BASF Chem cal Conpany
is due west of the site and Fighting Island is due east. The dis-
posal area is about 100 acres in size and the surrounding terrain
is grassy with some weeds about 4 to 5 ft high. During the site
visit, dredged material was being transported fromthe Rouge R ver
to the dredged material disposal site area by a hopper dredge. The
flow fromthe dredge to the disposal site was acconplished by two
pipes: one pipe to the main disposal area (Figure 16), the other to
the four small basins (Figure 16, Point A) where various sedi menta-
tion and plant-growing experinments were being conducted.

On Septenmber 23, 1975, sanples were taken by all nethods; the
results of the analyses are presented in Tables 26 to 28. Envi ron-
mental data were al so taken on Septenber 23 and are presented in
Table 29. Sanples were collected at the points noted on Figure 16.
A gasoline-like odor was present at the site. The odor, however,
decreased nmarkedly after cessation of the punping operation. The
odor threshold levels are presented in Table 30. An odorogram for
the sul fur-specific colum indicated the presence of 15 sul fur
conpounds. One of these, diethyl sulfide, had a particularly
unpl easant  odor.

Anacortes, VMshi ngt on

This disposal site (Figure 17) encloses a roughly rectangul ar

area nmeasuring approximately 200 acres in size. At the time of the
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Figure 16. Map of confined disposal area near Detroit (Gassy Island),

Point A indicates where Chronosorb sanples were taken.
Point B indicates where a Tedl ar bag, dredged naterial sam
ples, and biol ogical sanples were taken. Point C indicates
downwi nd site for Tedl ar-bag sanple. Point D indicates
upwi nd site for Tedl ar-bag sanpl e.

M.
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Table 26

Panelists' dfactory-sense Evaluation for Dredged
Material Sanple Taken at Detroit (Gassy Island), M

(Septenber 23, 1975; EDSO = 46)
Descriptive Descriptor Applicability
Ter m nol ogy per cent

sweaty 17
burnt, snoky 32
sour, acid, vinegar 17
si ckeni ng 45
tar-1ike 27
medi ci nal ok
ker osene 16
sooty ‘
gasoline-1ike 71
rancid 9
aromatic 9
cleaning fluid 27
woody, resi nous 16
nmetallic 14
sharp, pungent, acid 31
oily, fatty 28
stale
sewer
new rubber 16
burnt  rubber 16

*(+ neans descriptor used by only one panelist)
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Table 27

GO/ MB-identified Conpounds and Associ at ed

Qdors for Chronosorb-coll ected Sanpl e From

Detroit (Gassy Island),

M

( Sept enber

Compounds

napht hal ene

et hyl benzal dehyde
et hyl benzene
benzal dehyde

| -met hyl indan
o-ethyl  toluene
1- chl or ooct ane
cycl ooct at et raene

i sopropenyl  hexene

QC Peak's Cdor
Characteristics

odor

no odor

odor

no correlation
unpl easant

no correlation
bur nt

no odor

unpl easant
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Table 29

Envi r onnent al

Measur enents Made at D ked

Dredged Material Disposal Site, Detroit
(Grassy Island), M
(Septenber 23, 1975; 1545 hr EDI)

Vari abl e Val ue
Dredged material tenperature 19°C
Air  tenperature 17°c
Relative  hunmidity 64%
Wnd Speed 14 km/hr
Wnd direction (from 57°T
Rainfall, previous 2 days negligible
H,S content of air at site < .002 mg/%
pH of dredged naterial 7.5
Qdor petrol eumlike

Table 30
Qdor-dilution Threshold Level s for Sanpl es
fromDetroit (Gassy Island), M
(Septenber 23, 1975)

Locati on* Sanple Type ED50
Point B** Tedlar bag (discharge) 18
Point B dredged material 46
Point C Tedlar bag (downwi nd) 4.1
Point D Tedlar bag (upwind) 1.1

*Locations are shown on Figure 16.

**Location of Chronosorb

TVaI ue is insignificant.

col | ected

sanpl es.
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Figure 17. Map of confined disposal area in Anacortes, WA
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Tedl ar-bag sanpl e were taken. Point B indicates
where a downwi nd Tedl ar bag and a dredged nateri al

sanple were taken. Point C indicates where a
Tedl ar - bag sanpl e was taken.
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site visit, all but a few acres (Figure 18) surrounding Point A
(Figure 17) were underwater. The disposal site was being filled by
pi peline dredge with nmaterial from Station 1500 in Fidal go Bay, at
the bend in the navigation channel. According to a Corps |nspector
at the site, nmal odors had not been a problemat the site during the
nmost recent disposal operation. He had noticed weak "sul furous" or
"fishy" odors on occasions after punping had ceased for about a day
and water had drained off the pile of dredged naterial. The authors
could not detect odors at the end of the discharge pipe (Figure 17,
Poi nt A) when the dredge was cutting deep bel ow t he sedi nent surface.
When the cutter head was operating in the organic-rich, near-surface
sedi nents, however, a "sulfidic'" mal odor was detected. Although the
area around the site is industrialized, the authors did not detect

any significant conpeting malodors on the day they sanpled

On Cctober 1, 1975, sanples were taken by all nethods; the
results of the analyses are presented in Tables 31-33. Envi ron-
nmental data were al so taken on Cctober 1, and are presented in
Table 34. Sanples were collected at the points noted on Figure 16.
Qdor threshold | evels, deternm ned from Tedl ar bag and dr edged
mat eri al sanples, are presented in Table 35. The odorogram for the

sul fur-specific colum did not indicate presence of sulfur conpounds

Qdor  Abatenent  Experinents

Tabl e 36 gives the results of the odor-abatenent experinents
in terns of odor-dilution threshold |evels (EDSO) for oxidant-
treated subsanples of the Gassy Island dredged naterial sanple. I n-
cluded also are evaluations for three untreated subsanples. Experi -
mental results (Table 36) are in chronol ogi cal order; eval uation of
an untreated sanpl e begi ns each sequence of eval uations nade on each
of three consecutive days of experiments. Table 37 presents the
results in a pooled form by treatnments. Standard deviations of |og

EDSO are also given, to facilitate analysis of the data
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Table 31

Panel i sts' dfactory-sense Eval uation for
Dredged Material Sanple Taken at Anacortes, WA

(Cctober 1, 1975; ED50 = 2)
Descriptive Descriptor Applicability
Ter m nol ogy per cent
sweet,  smoky 12
dry, powdery 10
di si nf ect ant 15
sweet 12

et heri sh Ve
musty, earthy, noldy

like gasoline, solvent

oily, fatty

ranci d

si ckeni ng

cleaning fluid

sooty

*(+ means descriptor used by only one panelist)

Table 32

GO M5-identified Conmpounds and Associ at ed
Qdors for Chronosorb-coll ected Sanple from
Anacortes, WA

(Cctober 1, 1975)

QC Peak's Cdor

Compounds Characteristics
ethyl  benzene no odor
al lyl benzene no correl ation
o-ethyl  tol uene no correlation
i sopr openyl benzene faint
| - et hyl indan very unpl easant
benzal dehyde no odor
acet ophenone no odor
dimethyl acet ophenone no correl ation
di et hyl pht hal at e no correlation
t er epht hal dehyde no correlation
naphthalene no correl ation
p- xyl ene no odor

81



unypaul pIToSTWaS 9s00NT8 UT (S?H ueyl 1sylo) ses mwo:@oumﬂ

ATuo SUOTITPUOD DTQOIDBUEB IOTAIS I3PUN SMOI (V)
SUOT]TPUOD SATIBINORI Iapun sSmoiy (J)

4
unypsw I1e8® §,£8qU0)OE)

1.

untpaw 1e8e 0249200 7188 %y

IyStem 3om wead iad SOTUOTODy

— + (1) snoraepvyds snyqiovg
- - (d) sipruiaprds snooooo]Aydois
- + (1) suvynbvoo snyjiovg
+ + (4) 81719bIru 8Ne104d

— — (4) s17vosf ssusbiivory

— 000°0¢€ 000C >

sen Sy so10adg soTa83uy JLaxuonory $xASA
++ Jusdisg

x¥STT=20 TedioL

(GL6T ‘T 192q032Q)
VM ‘s93100BUY 1B USRI oTduEs

TBTI83B)] podpal( JO @[TJ0ld [BIioldeq

£t 2TqBL

82



Table 34

Envi ronnent al Measurements Made at Diked
Dredged Material Disposal Site, Anacortes, WA
(Cctober 1, 1975; 0805 hr PDI)

Vari abl e Val ue
Dredged material tenperature 22°C
Air tenperature 14°C
Relative  hunmidity dry
Wnd speed calm
Wnd direction calm
Rainfall, previous 2 days none
H,S content of air at site .035 mg/%
pH of dredged naterial 6.8
Qdor slightly  sul furous

Table 35

Qdor-dilution Threshold Level s for Sanpl es

from Anacortes, WA
(Cctober 1, 1975)

Locat i on* Sanple Type ED50
Point Ax* Tedlar bag (discharge) 4.6
Point B Tedlar bag (downwi nd) 3.6
Point B Dredged naterial 2

Point C Tedl ar bag (downwi nd, at weir 5.9

i nt ake)

*Locations are shown on Figure 17.

**|ocation of  Chronosorb-collected sanples.
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Table 36

ED., Values for Untreated and Oxi dant-Treated Subsanpl es of

50

Detroit (Gassy Island),

M, Dredged Materi al

Sanpl e

EDsg Val ues After

Tr eat ment Contact Tines Indicated in Hours
0 0.08 0.5 1 1.5 2 17 22 24
None 68
KMnO4 1% 5 23
n 2% 40 15
n 2.5% 22 37 37 10
"4 % 33
None 125
NaOCl 1% 78 53 37
" 1.5% 98 47 11
" 2% 101
Ozone 1 ppm 98
" 5 ppm 110
" 10 ppm 110
Aeration 125 29
None 37
Hzo2 1% 8 32
" 20 29 60 16
Ca(OH)2 0. 6% 33
" 0.7% 47 14
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Anal ysis of ED

Table 37

50

Data from Tabl e 36

Per cent
ED Units

Mean Log EDs, ngpar od

Nunber of St andar d Mean W th
Tr eat nent Data Points Val ue Devi ati on ED50 Non- Tr eat ed

None 3 1.83 0.26 68 100
KMno4 9 1.32 0.31 21 30
NaOC1l 7 1.70 0.33 50 74
Ozone 3 2.02 0.03 160 156
Aer ation 2 1.73 0.45 60 84
H202 5 1.37 0.33 23 35
Ca (OH)2 3 1.45 0.27 28 41
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The standard deviation for untreated sanples is 0.26. This is
hi gher than the 0.1 value usually obtained in repeated measurenents
of EDSO for sanples of constant concentration, using experienced odor
panels of nine nenbers (Dravnieks, Prokop, and Boehne, 1975). The
nost likely explanation for the difference is the variability in
odorant concentration in the subsanpl es due to the non-honogeneity of
the master dredged naterial sanple. The master sanpl e contai ned 20

percent solids and was difficult to honogeni ze whil e taking subsanpl es.

An increase in the concentration of an oxidant did not increase
its efficiency of odor abatement (Table 36). Likew se, an increase
in contact tinme did not produce better odor abatenent. The pool ed
data in Table 37 indicate, however, that all treatments, except
the short ozonization, produced a decrease in odor. The probable
explanation is that a relatively snmall anount of oxidant is sufficient
to oxidize the nost odorous conponents; addition of nmore oxidant,
or an extension in the contact time, does not affect the concentra-
tion of the nore stable oxidants.

This rel ative i ndependency on the concentration and contact-tine
permt conparison of data by pooling the values by treatnents. The
last colum in Table 37 indicates that if the nean EDSO for all un-
treated sanples is taken to represent 100 percent odor, two types of
treatnments, KMnO, and H,0,, produced an approximately threefold
decrease in the odor level, and NaoCl decreased it, but by only 26
percent. The nunber of data points for the aeration and line treat-

nents is too small to draw definite conclusions.

The statistical significance of the data fromthe abat enent
experiments was assessed by the Wilcoxon Rank Sum Test (Beyer, 1968).
As applied here, data for sanples treated by a chemcal and for non-
treated sanples are arranged in order of descendi ng nagnitude, and
ranked jointly with the untreated sanples represented by val ues

in parentheses, and Roman nunerals showing ranks by magnitude
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KMnQ, Treatnent

(125),(68),40,37,(37),37,33,22,15,10,5

| Il IV v VM

H,0, Treat nment

(125) , (68) ,60, (37) »32,29,16,8
| I |V

The rank sumfor the untreated group is 8 for the KMnO, seri es,
and 7 for the H,0, series. Tables for the Wilcoxon test indicate
that the KMnO, effect exists at p = 0.05 (the 95 percent confidence
level), and the H,0, effect at p = 0.10 (the 90 percent confidence
level).  Thus, both effects seem to be real.

The effect of NaOCl was statistically insignificant when ana-
lyzed by the Wilcoxon test. However, it may be that in this case
a particularly odorous set of subsanples, with an untreated
sanple at ED50 = 125, was treated. The data (Table 36) on the
ozonized and the first aerated sanple, all obtained on subsanpl es

of the sane day, support this assunption.

The standard logarithm c deviation for the seven NaOCl-treate«
samples (Table 37) is 0.33, and the logarithnm c mean ED50 is 1.70.
The | og ED50 for the untreated sanple of the sane day is 2.10 (=
log 125). The extent of deviation of this untreated sanmple from
the NaOCl-treated group is neasured in terns of a statistical z-

coefficient, calculated as follows (cf. Langley, 1970)

, - /1(2.10-1.70) _
) 0.33

3.2

where the values are defined in the text above; 7 represents the
nunber of sanples in the treated group. Such a deviation is sig-

nificant at p < 0.01 (nmore than the 99 percent confidence |evel),
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and the odor abaterment to 50/125 (40%of the initial value) m ght
have resulted from the NaOd treatment.

The limted nunber of oxidation experiments indicate that KMnOy,

H20,, and possibly NaOd can reduce odor by a factor of 2 to 3.

(dor character of the dredged naterial sanples was nodified by
the oxidation treatnments only to a very linted extent. A kerosene-
i ke odor note was consistently renoved by the KMnO, treatnment, and
putrid and rancid odor notes subsided after overnight contact tine.
Treatnent with NaOO effected a sonmewhat |ess-consistent reduction
in the kerosene-like odor note, and tended to generate a sweet odor

not e. Qzone treatnent also tended to introduce a sweetish note

In both ozoni zati on and aeration, the contact between the
gas phase and the dredged nmaterial subsanpl es was rather poor because
of the density of the slurry, and despite vigorous agitation of the
sanpl es.

88



DI SCUSSI ON
Degree of Qdor Probl em

Seven site visits and odor neasurerments on sanples fromthose
sites cannot fully reflect the range of odor problens at dredged
material disposal sites. Nevertheless, the data from these sites
represent all known | ocations where odor problens were reported at
Corps of Engineers' diked disposal sites during the sumrer nonths
of 1975.

Direct observations during site visits did not reveal any
cases of severe odor problens. COdors at mobst sites were generally
det ect abl e but were not overpowering even in close vicinity to the
most odorous of dredged material discharges.

Measurenents of the odor-unit contents of collected sanples
(Tables 6, 11, 16, 20, 25, 30, and 35) can be interpreted by reference
to wvarious typical odor-control regulations. Qdor -character data
(Tables 7, 12, 17, 21, 26, and 31) can be analyzed in ternms of odor
genesis and possible practical consequences.

Magnitude of odor enissions

In odor-control technology, it has been custonary to nmeasure
odor enission by tw related paraneters:

(1) odor-unit content: volume dilution needed
to reduce one volume of odorous sanple to
threshold and traditionally stated in X
odor units per cu ft,

(2) total odor emssion, which is the nunber
of odor units per cu ft multiplied by the
voluretric enission rate (cu ft/mn). Thus,
1000 cu ft per nin of an emssion with a
12 odor unit per cu ft corresponds to
12 x 1000 = 12,000 odor wunits/mn total
odor  enission.
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There are no federal regul ations on odor emission, but nmany
states and |l ocal authorities indicate odor |evels at which, on
the basis of their limted experiences, odor nuisances mght be expect-
ed (Leonardos, 1974).

Thus, Mnnesota's regulation (State of Mnnesota, 1971) prohibits
an odor emission in excess of 25 odor units fromsources |ess than
50 ft above grade elevation, and prohibits a total odor enission rate
over 1,000,000 odor wunits per mnute per source. A proposed San
Franci sco Bay Area (SFBA) regul ation, for sources less than 30 ft
above grade, prohibits enmissions if they remain odorous after 1000-
fold dilution with odor-free air. Furthernmore, the SFBA regulation
proposes that resulting anbient odors at the property |ine boundi ng
t he odor source should be capable of control by not nore than a
fourfold dilution wth odorless air.

An inspection of the odor unit tables indicates that none of
the emssions from actual dredged naterial sources (at discharge)
approached the above-stated, odor-unit content. Only the air sanple
in equilibriumwith dredged nmaterial sanpled at Gassy Island, M
(46 o.u.), and Buffalo (29 o.u.), woul d not satisfy the stringent
M nnesot a regulation. This, however, would correspond to a hypo-
thetical case in which a |arge nass of dredged naterial were con-
tinuously and effectively stripped of odorous substances by a
relatively small flow of air, and certainly would not apply to a

resting surface.

Air sanpl es taken on di kes downwi nd fromthe dredged-nateri al
odor sources did not exceed the specifications of the SFBA regul a-

tion.

Total odorous emission is easily estimated for sources such as
stacks where total volumetric flow is known. In the dredged material
disposal  situation, however, only crude estimates are possible. As

an exanple of such an estinate, assunme that the end of a pumpout pipe
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di schargi ng dredged naterial with much splashing is 2 to 3 ft above
the disposal area surface. In some observations, such a di scharge
appears to result in a cloud of droplets surrounding the end of the
discharge pipe. Assume now that the cloud is sem-spherical, with

a radius of 10 ft, and uniformin its odor content; e.g., 18 o.u./
cu ft (Gassy Island and MIwaukee cases) throughout this volune
Assune further that a wind of 5 nph noves air through such a steady-
state cloud so that the air energes perfectly saturated with an

odor concentration of 18 o.u./ft>. In this case, the senisphere has
5 x 5280 x 157 x 18

a cross section of 157 sgq ft and the enission rate is 50
= 1,243,440 odor units per mn in total, only 24% above the M nnesota
maxi num of 1,000,000 odor units. These assunptions are all in favor
of producing a high estimate of total odor-unit em ssion; the actua
total enmission should be considerably less. H gher wi nd speeds may
result in lesser equilibration and the cooling of droplets by evapora-

tion would reduce their odorosity.

The surface of the dredged material in the diked area nay con-
stitute another type of odor source. Air above the surface accepts
odorous vapors, but it is very doubtful if odor contents of Tables
6, 11, 16, 20, 25, 30, and 35, for air equilibrated with the dredged
material would apply to the boundary filmof air at a surface of
resting dredged material. Diffusion of odorants through dredged
material to the surface is probably the rate-liniting step here and,
in reality, the surface of the dredged naterial would correspond to
considerably lower odorosity levels. A quantitative nodel for odor
em ssion fromresting dredged material probably could be devel oped if

depletion rates at different air flow rates were measured.

QOdor at disposal site boundaries

Sorre odor regul ati ons specify perm ssible odor |evels at the
boundary line of the property that contains the odor source. The

usual odor neasurenent device for odors in the field is a rather
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primtive Scentometer (Guber, Jutze, and Huey, 1950). Typical regu-
lations may require that odor should not be noticeable at the | ot
boundary at a Scentoneter setting of DT =2, or DT = 7, or sone

other value. A fewregulations sinply specify "no odor."

Recently, calibration of the dynanic-triangle olfactoneter wvs.
the Scentoneter became available (Dravnieks, 1976). A Scentoneter
setting of DT = 2 was found to correspond to 4.8 odor units by
the dynanmic olfactometer used in the present study. Only in one
case, Point C at Anacortes, Washington (Table 35), was this val ue
of 4.8 exceeded. This sanple was taken downwi nd froma water sur-
face covered with algae just in front of weir intake (Figure 19).
The val ue probably reflects a secondary odor, that of algal decom
position, rather than the primary odor of the dredged material.

Odor  character

Gasoline-like, oily odors were domnant in the Buffal o, Houston,
and Detroit sanples, Wi th kerosene odor notes in the last two.
Sour, pungent, and acid odor notes were present in the MIwaukee,
Detroit, and Anacortes sanples. The Mbile sanple (an inactive site)
and the York Harbor sanple differed fromthe others by the absence
of gasoline-like and sour/pungent odor notes. The Mbile sanple had
hi gher sweaty/rancid/aninal characters than the other sanples. Sul-
fidic odor notes were present only in the York Harbor, Houston, and
Anacortes sanples. These differences indicate possible differences
in the genesis of the odorants and suggest that different oxidants
or odor nodifiers may be needed to control odors at different sites.

O particular interest is the presence of househol d-gas-Ili ke notes
in the MlIwaukee, York Harbor, Houston, and Anacortes sanples. Such
odors may interfere with detection of gas leaks in households. Gaso-
line-like odors may simlarly interfere with the detection of gaso-
line leaks in cars or other equipnent.
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Effectiveness of odor counteractant

Tabl e 25 indicates that at Houston, the odor unit content down-
wi nd of the odor counteractant was not influenced by the addition
of the substance. Table 21 indicates that aromatic odor notes began
to appear in the downw nd odor: gasoline-like, household gas, and
sewer odor notes. Some other odor notes decreased, but nusty, burnt,
and oily odor notes were enhanced. Thus, the essential odor charac-
ter was nodified, hiding sone characteristics and pronoting others,
less characteristic by thenselves.

There were several auxillary observations associated with the
use of the fragrance solution. The counteractant, or its kerosene
carrier, apparently worked as an insecticide. Many dead insects
were seen in the vicinity of the mxture's storage drum  Soil just
outside of the dike apparently stored significant amounts of the
fragrance, because when a tractor passed through this area, the
disturbed soil enitted the additive's characteristic odor. Ecologic
consequences of systematic adm nistration of a fragrance shoul d be

considered when liquid counteractants are enployed.

Sunmary

In none of the sites were significant odorous probl ens observed
beyond the diked area. A simlar conclusion was drawn from anal ysis
of the odor neasurenents and froma conparison of the neasurenents
with values quoted in sone typical odor-control regulations. This
does not exclude the possibility that severe odor epi sodes may
occur occasionally if particularly odorous dredged nmaterial is en-
count er ed. In sone cases, the odor character may pose potenti al

probl ens by nasking the occurrence of |eaks of househol d gas or
gasol i ne
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Biological Oigin of Dredged Material Ml odors

Cbservations and interviews at the seven disposal sites suggest
that odors associated with dredged naterial probably arise in two
ways: (1) by release of odorants pre-existing in sedinments during
the pumpout of dredged material; and (2) by the de novo, in situ

synthesis of odorants within the dredged material after its enplace-
ment in the disposal site.

Qdors were often detectable at nonactive |ocations or at active
sites prior to pumpout of new material. Such odors were especially
det ect abl e duri ng warm weat her and were often dissimlar to those
observed during punping. For exanple, at Mbile, Site I, a "nmarshy"
and "gulfidic'* odor was clearly discernible even though the disposa
beds had been enpl aced for about 3 years; the local removal of ap-
proximately 10 to 20 cmof surface naterial at this site exposed
strata having a very unpleasant and strong odor of hydrogen sulfide
At Houston, prior to punping, at a |location about 200 feet fromthe
discharge area, the follow ng odor notes were sensed: "dirty nud,"
"sulfidic, " "petroleumlike,"” and "proteolytic.'"** Yet, the only
di scernible odor note at the pipe nouth during punping was "petroleum-
like." At York Harbor, a light, unpleasant, sulfidic odor was noted
in an older disposal area, about 500 feet upwind of the active area.
(bservations such as these lead to the conclusion that there are
two different classes of odors associated with dredged material dis-
posal sites: those odors that issue essentially instantaneously from
the pi pe nouth during discharge operations and those that can be

described as the background odors at the various sites.

The origin of sone of the odorants rel eased during dredgi ng and
punping is fairly obvious. As discussed in Appendix A sedinents

containing organic nmatter al so contain the by-products of anaerobic

*Meaning  "hydrogen  sulfide-like."

**%Lk% bacterial putrefaction; the sickening snell of rotting neat or
i sh.
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bacteri al deconposi tion (putrefaction), including HpS and sulfur-
containing organic conpounds. Al so present are certain fatty acids,
al dehydes, amines, and other odorous substances. I ndustri al wast es
my be present. Gas contents of dredged material can range up to
70% or nore (Harrison, et al., 1964). Wen such sedinents are dis-
turbed by the dredge cutting head and experience further disturbances
such as agitation, pressure changes, and punp cavitation, a |arge
percentage of the odorous gases is released to the air at the nouth
of the discharge pipe. Additional odorants, perhaps including sone
which are less volatile, are probably released to the air by the
nechani sm of aerosolization as the dredged material spews out and
spl ashes against the surface of the disposal bed.

The origin of background odors characterizing sone di sposa
sites is less easy to conceptualize. The following mechanisns,

however, seem reasonabl e:

& Under certain conditions (e.g., during or follow ng warm
weather), the nore volatile odorants originally contained in the
sedinents (or their oxidation products), escape fromthe surface
layers of dredged naterial beds to the air. It is likely that
odorants at the very surface, especially the nore volatile ones

are exhausted in relatively short periods of tine

b. Simlar pre-forned odorants, l|ocated nore deeply in the

volune of dredged materials, are eventually brought to the surface

An exani nation of the bacteriological results contained in
this report reveals that a nunber of species found in the dredged
material produce gas as a by-product of their metabolism  Vhile
carbon dioxide is the principal gas produced in the |aboratory in
gl ucose nmedi a such as this study enpl oyed, a nunber of other gases
are commonly produced by bacteria in nature, including amonia,
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carbon nonoxi de, hydrogen, * hydrogen sul fide, methane, nitrogen, and

ot hers. Gas production in sedinents has been di scussed by Conger
(1943), Kl eerekoper and Grenier (1952), Marshall (1962), Howard (1971),
Chen (1972), and Mallard and Frea (1972).

Bubbl es of gas were observed breaking at the water surface over
parts of the dredged material at the Mbile, Buffalo, York Harbor

Anacortes, and Houston disposal sites. It was not determned whether
the escapi ng gas was hydrogen or "marsh gas" (principally nethane), or
if it had a different conposition. Wrkers at the sites reported
that the gas burns, suggesting that it is probably hydrogen and/or

met hane. The presence of the gas bubbl es suggests the existence of
conducti ng channel s extending from deeper strata of the dredged
material to the solids and water colum interface. Furthernore, it
seens |ikely that such channelization occurs throughout nost disposa
areas containing organic matter, whether covered by water or not,
provi ded that the disposal nmaterial is not in a highly dessicated
state or frozen, the presence of standing water only makes the

release of gas and the existence of channels nore evident.

*Escherichia coli, a common intestinal resident of mammal s found
wherever man is found, is well known as a producer of hydrogen as
aresult of its action upon carbohydrates through a fornmic acid
i nt er medi at e. Since E. coli is ubiquitous, it was not specifically
| ooked for in the dredged nmaterial sanples, its universal presence
i s assuned because of (a) the proximty of human beings to al
dredgi ng operations sites, (b) the proximty of sewage outfalls
to sone of these sites, and (c) the fact that associated enteric
(intestinal) bacteria were identified in significant nunbers at
the M| waukee, Mbile, York Harbor, and Houston sites, and in
small nurmbers at the Buffalo site. Wile alnost no ordinary
enterics were found in the Anacortes sanple, the presence of
Alcaligenes, Proteus, and Staphylococcus suggests the presence of
human cont am nation as these organisns are found in association
with man. For these reasons, the authors believe that it is quite
i kely that bacteria capabl e of produci ng hydrogen were present
in virtually all dredged naterial sanples that were exanined.
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Thus, at sone sites, bacterially-produced gas, noving upward
through the dredged material, seens to act as a carrier for pre-
forned odorants and brings themto the atnosphere during appropriate
et eor ol ogi cal conditions. Additional discussion concerning gas

production appears bel ow

c. Newy synthesized odorants, produced in the disposal beds
principally by bacterial action, are carried by gases to the surface
where they enter the atnosphere; as in the second mechani sm proposed
above (b.) the carrier gases are thensel ves the products of bacteria
action.

A detail ed discussion of bacterial aerobic and anaerobic neta-
boli sm (putrefaction) and the consequent by-products is beyond the
scope of this report; however, it is commonly known that a nunber
of odorous substances are produced, including hydrogen sulfide and
odorous organi c sul fides such as the | ower mercaptans and di et hyl
sulfide (identified at the Buffalo and Gassy Island sites), as
well as certain odorous fatty acids, esters, and branched, mltiple
doubl e- bonded al dehydes. Wiile it is likely that a nunber of such
subst ances are produced and present within the dredged material of
di sposal areas, hydrogen sulfide was the nost readily identified
odorant at the sites visited in this study. A nunber of parallels
probably exi st between the production of hydrogen sul fide (and other
sulfides) in disposal areas and that produced in the hydrosphere.
Wil e a consi derabl e body of know edge is avail abl e concerni ng pro-
duction of such conpounds in the hydrosphere, little is presently
known about their production in dredged material. Hence, a general
di scussi on of hydrogen sul fide production and attendant m crobia

relationships is presented bel ow.

An exam nation of the bacteriological data contained in this
report suggests that conplex, synergistic ecological relationships

may exi st anong the disposal -bed bacteria, |eading to the fornation
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of odorless gases that then act to formcarrier-conduits for bringing
odorous substances such as H,S to the surface. Two general categories
of bacteria were identified: facultative species (i.e., those that
can grow either in air containing normal anounts of oxygen, or in
media partially deficient in oxygen), and strict anaerobic species
(i.e., those that can grow only in the absence of oxygen). VWi | e
varying rates of gas production (not including H,S) were observed

in the laboratory in pure cultures of the facultative organisns,
several isolates of strict anaerobes (Clostridia) were observed to
produce vol um nous anounts of gas over short periods of time. In

t he di sposal beds where the organi sns exi st not as pure cul tures

but in various ecological relationships, it is highly likely that

the activities of various groups of mcroorganisns influence the

growth and netabolic activities of others.

For purpose of illustration, consider the Mbile disposal site
(Table 13), where H,S characterized the background odor. Here it
is seen that at least two facultative species are present that
produce H,$: C freundi and P. nirabilis. In addition to producing
H,S, these organi sns produce other gases. A strictly anaerobic
Clostridium @ 3 species was al so found to produce significant
quantities of gas. At the site, it is logical to assune that the
upper |ayers of the disposal bed contain active facultative organi sns
such as (., freundi and P. M{rabilis but not many active Clostridia.
Conversely, deeper strata ought to contain fewer active C freundi
and P. mirabilis, but many active Clostridia. The events |eading
to this type of distribution relate to the influence of oxygen on
the bacteria. The Clostridia could not grow in the uppernost strata
wher e at nospheri ¢ oxygen coul d penetrate by diffusion; conversely,
the facultative organisnms could not thrive in deeper strata isolated

from at nospheri c oxygen, where a very low E_ woul d be naintai ned by

h
the netabolismof strict anaerobes like Clostridia. In a situation
such as this, we may visualize the production of H,S by organisns

in the nore shallow strata, carried to the surface to sone extent by

99



the facultative gas producers, but perhaps to a |arge extent by the
deeper Clostridia. |f H,S producers were al so present anong the
strict anaerobes (Table 4, dostridia G 2) it is likely that H;S
produced in the deeper strata would be carried upward to the atnos-
phere as well as that generated by other organi sns nearer to the sur-
face. Not even considered in this illustration are relationships

i nvol ving ot her classes of organisns such as the fungi, which are
known to be extremely inportant in nicrobial ecology. Thus, the

illustration nust be considered to be highly sinplistic.

However, if ecol ogical relationships such as those predicted
above do exist, it follows that their disruption can alter the normnal
production of odorous air above disposal beds. For exanple, periodic
aeration of wupper strata (say to a depth of approximately 1 foot)
would be likely to decrease gas production by Qostridia, which, in
turn, would decrease the nobilization of odorous substances to the
at mosphere. This, in fact, may be one of the nechanisns involved in
the reduction of noxious odors observed after aeration of disposed
material containing organic natter and nmay al so be one of the necha-
ni sms involved in odor reduction in the field through treatnment with

oxidizing agents.
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ANALYSI S OF METHCDS OF CDCR ABATEMENT

The (perational  Approach

Many of the nost obvi ous and nost cost-effective approaches to
odor abatement fall wunder what may be termed the operational approach
For exanple, when dredging is to be done in sediments believed to be
capable of producing nmalodors, sanples should be taken sufficient to
det erm ne odor presence, type, intensity, and three-dinensiona
extent in the body to be dredged. The use of odor panelists should
suffice for this purpose

Once the mal odorous features of a dredgabl e sedi nent body have
been docunented, it becones possible to schedule the worst (in terns
of production of nal odors) portion of each dredging job for those
periods when mal odors from dredged material pumpout will | east
affect the surrounding population. For exanple, the nost odorous
part of a body to be dredged coul d perhaps be schedul ed for the cool er
mont hs, when people are indoors nore of the time, when the biogenic
production of malodors is less significant, selecting conditions when
atrmospheric dispersion coefficients are higher. If a layer of thin
organi c-rich and mal odorous deposits existed in the upper few feet
of the central portion of a sedinentary body schedul ed for continuous
24-hr  dredging, it mght be possible to dredge the mal odorous part
of the body only during those hours when the |and/sea breeze was
blowing offshore.

Should it not be possible to programthe dredgi ng and di sposa
operation as described above, other methods of dredged naterial pumpout
and disposal site management can be used to reduce odors. In the
case of a pipeline dredge operation; for exanple, the dredge is often
much farther renoved from people who will be affected by dredged
material malodors than is the diked disposal area. Inasnuch as it
is the dredge punp that, by its thorough churning of the dredged
material /water mxture, liberates great quantities of mal odorous

gas, it would be helpful to have a gas-ejector system on the punp
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The assunption here is that a significantly high percentage of

mal odorous gas woul d be rel eased at the dredge far from easily
offended, human olfactory systens. (Gas renoval systens are integral
parts of hopper dredges (U.S. Departnent of the Arny, 1954, p. 283)
and should be considered for certain pipeline -dredge operations.

It also nay be possible to place the discharge end of the
pumpout pipe under water, at |east during the early phases of filling
a diked disposal site. This would elimnate the spewing of the
dredged material slurry into the air with attendant reduction in the
vapori zation of nal odorous waters and |iberation of contai ned gases.
Overflow weirs should al so be snooth, wide, and of limted depth to
prevent excessive flow turbul ence and associ ated |iberation of
mal odorous  gases.

Use of dfactory-active Additives

Perception of a mal odor can be influenced by injecting vaporous
conpounds into the anbient air so they reach odor receptors in the
nose simltaneously wth a nalodor. For usefulness in mal odor control,
the resul tant nodified odor should be weaker, or |ess recognizable,
or both. Cases in which a nonodorous substance nodifies an odor
are so far unknown; all known nodifiers of odor intensity and character
exhibit an odor of their own. Such a method of odor control is rela-
tively inexpensive, and its various aspects deserve a detailed con-

si derati on.

G ains that sonme additives neutralize odors by actually renoving
odorous substances fromtheir free vapor state in air are untenable.
Such clains are inconsistent with the chenical kinetics of reactions
of dilute vapors in air. In one case that an author (Dravni eks) of
this report has studied, analytical measurenents were conducted on
odori zed air before and after addition of a certain neutralizer;
anal ytical change in the odorant concentration was within the limts

of analytical error, while the change in the perceived odor was
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unni st akabl e, indicating that the effect is sensory rather than

cheni cal . Even an oxidant as active as ozone significantly depletes
the concentrations of readily oxidizabl e odorants in the vapor phase
only after contact for many hours or days (Gotlauf and Berger, 1969).

Reactions with ozone in the water phase are nuch nore useful

Basically, any substance that woul d be active enough to react
with odorants in a very dilute state in air would be nost likely to
interact also with biochemicals in the human body and be potentially
harmful to human beings. Gdor-control chem cals that deaden the
sense of snell, such as fornal dehyde used in old formul ations, are
unaccept abl e for odor control because they interfere with the warning
odors and the enjoynent of flavors.

The use of air-dispersed (or added-to-the-source) odor nodifiers
increases air pollution. Therefore, this nethod of abatenent shoul d
be limted to occasions in which distinct nal odor probl ens exist,
and sufficient evidence is available that the additive will mtigate
the malodor. Also, formulations used for nal odor abatenent shoul d
not contain toxic, carcinogenic, Or mutagenic conponents.

Various aspects of odor-control technol ogy involving the addition
of volatile fornul ati ons are now di scussed, a scientific classification
of odor-interaction effects is presented, and comments are nade on the
comercial terminology, safety, and econom cal factors that should be
kept in mnd when considering use of this nethod for abatenent of
mal odors. Finally, an actual case involving use of an odor-nodifica-

tion system is described.

Scientific ~classification of odor interactions

Sensory interactions between a target nal odor and an odor
nmodi fier are best classified in quantitative and qualitative terns
based on present-day concepts of sensory psychology. Such a classifi-
cation can be found in a paper by Cain and Drexler and is systematized
in Table 38 using their term nol ogy.
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Table 38

Cassification of Effects in Sensory
Interaction of an Additive and
a Target Cdor

Definition of Synbols:

T = odor intensity of target odor; e.g., nmalodor.
A = odor intensity of additive vapor.
TA = odor intensity of the nixture of both.

(It is assumed that A < T)

Quantitative Effects

1. Hyperaddition TA > (T + A

2. Conplete addition TA = (T + A

3. Partial addi ti on* TA < (T + A

4. Conprom se* T >TA > 4) :

5. Conpensation* T>TA K< A% COUNTERACTI ON
Qualitative FEffects

6. Maski ng Qdor of T not recognizable in TA

Conbi nation of Quantitative and Qualitative Effects

7. Masking with addition TA>T
8. Masking with counter- TA<T
action

*Forms of Hypoaddition.
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In Types 1 and 2, the odor of the mxture is equal to or stronger
(hyperaddition) than the sum of the odor intensities of the conponents.
In Types 3 and 7, the odor of the mixture is still stronger than that
of the strongest conponents, but weaker than the sum of both (hypo-
addi tion). In Types 4 and 8, the odor of the nixture is weaker
than that of the stronger conponent (in this case, of the target
mal odor), but stronger than that of the weaker (additive); in Type
5, the odor of the mxture is even weaker than that of the weakest
component and is ternmed conpensation.

Ef fects useful for nalodor control are linted to Types 4, 5, and
8. Even Type 7, if the resultant odor is nore acceptable but only
negligibly stronger than the malodor, nmay have useful ness in reducing
odor  conpl aints.

Maski ng by overpowering with a stronger odor is undesirable,
whil e masking with counteraction is the nost desirable form of odor
control . However, suppliers of odor-control additives avoid using
the term masking altogether, because of its presumed connotation
of hiding by overpowering.

Exi stence of the counteraction sufficient to be terned true
conpensation, Type 5, has thus far not been supported by an quantita-
tive study (First, 1958; Kerka, 1961; Jones and Wskow, 1964;
Koster, 1969; Cain and Drexler, 1974; and Dravni eks, 1976).

In quantitative controlled studies, the extent of the useful
control of a nalodor by additives was invariably linited to a change
in the character of odor, with or wthout a decrease in the sensory
intensity of the malodor. The odor character of the additive when
in the mixture may also undergo change, but so far the odor intensity
has never been found to be less than that of the additive by itself.

Measurenents of the effect of the counteractant used at the

Houst on dredged material disposal site showed that the Houston case
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also fits into the above type; that is, there was some change in odor

character, but no significant change in odor intensity.

Conmer ci al Ter m nol ogy

Commerci al organi zations that offer specific formulations for
the control of wvarious malodors have generated a sonewhat confusing,
somet i nes sel f-serving, nonenclature that suggests their presuned
mde of action. Usually, the manufacturers support their clains by
case histories and testinonials rather than by quantitative sensory

dat a. Terns used to descri be the odor-abat enent substances i ncl ude:

odor nodi fication
odor counteraction
odor neutralization
de-odori zation
re-odorization (i.e., replacenent of odor)
odor  nmasking
air freshening
air restoration
Qdor nmodification is the | east pretentious and nost acceptabl e
of the terms, since it inplies possible changes in the odor intensity

and character.

Count eracti on, neutralization, and de-odorization inply to the
consuner that the odor-control formulation sonehow does away with
the nalodorant nmolecules, although the nmost it can do is sinply
to nodify the odor perception generated by nal odorant nol ecul es.

Re-odori zation rationalizes further, inplying that an odor
(the odor of the added formul ation) is somehow capabl e of dealing
with the original mal odorant nolecules so that the resulting odor

is a pleasant one.

Qdor masking is a termabhorred by nost manufacturers of odor-
control formulations. Created by distributors, the terminplies
covering the malodor with a nuch stronger pleasant odor. In reality,

maski ng i nvol ves maki ng the mal odor unrecogni zabl e and may be
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acconpani ed by a change in the odor intensity, either up or

down.

Air freshening means inparting a pleasant weak aroma to air,
with suppression of the pre-existing malodorous notes. This term
is usually reserved for the treatment of inside air.

Air restoration is a terminplying the pleasant notion that

al | nmal odorous and ot her odorous nol ecul es have been "renoved." Again,
such effects are still within the classification given in Table 38.

Safety aspects

Em ssion of the vapor from odor-control fornulations adds to the
exposure of the population to chemcals. Consequently, sone odor
regulations prohibit this nethod of nmalodor control. Certain others

go along with this method on a tenporary or energency basis.

Two principal health hazards may exist. One hazard is readily
assessable by sensory tests. Gas leaks, incipient fire, overheated
electrical notors, etc., generate warning odors. Bui ldup of such
odors may be either gradual or rapid. It is undesirable that odor-
control additives nodify such hazardous odors significantly. A con-
trolled study of the extent of such effects is not known. However,
the contribution of indoor air fresheners to hiding gas-leak odors
has sonetimes been questioned in investigations of explosions caused

by gas |eaks.

Early deodorizing formul ati ons contai ned conpounds that deadened
the sense of snell. Cdearly, this approach to nodifying odor percep-
tion is unacceptable. The other potential health hazard is much nore
i nsi di ous. Li sts of conpounds found potentially carcinogenic or nuta-
genic (causing birth defects), or both, are growing rapidly. Many
subst ances consi dered harm ess in the past are now being reclassified

into such lists.
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Arguments are usual |y advanced that the conponents of the
additives are natural substances or are on the official GRAS |ist
(Generally Recognized As Safe) for wuse in human consunption and are
used at very high dilutions. A so argued is that for years the
Ceneral Services Adnministration has accepted the use of roomair
fresheners and has even published test procedures for evaluating
their efficiency in the control of nmalodors (Federal Specifications
1974).

Such argunents are weak because of the lack of solid informa-
tion on the actual conposition of the additives and the potentia
carcinogenic and nutagenic properties of the conponents. Surely
there are many quite harnful natural substances; and occasionally
conmpounds are renmoved fromthe GRAS |ist because new work shows
their potential harnfulness. Al so, because of the conplexity of the
conposition of nost odor nodifiers, as is readily obvious from
gas- chr omat ogr aphi ¢ anal yses of their vapors, it is very doubtfu
if any one can really supply reliable conposition data for their

fornulations, save in the grossest sense.

Economi ¢ aspects

The addition of vapors from odor-control formulations to air
at the downwi nd periphery of a dredged material disposal site is
potentially nmore econonical than chemical treatnent of the dredged
material itself. Three factors related to the econony of such a
method deserve discussion

First, sone experience with odor control by additives in other
appl i cati ons have shown that after using this nethod, the odor
conplaints drop, but then rise again, people begin to associate the
same odor source with the new odor. For exanple, this has occurred
in attenpts to control diesel-bus exhaust odors by fragrant additives
to the diesel oil in a netropolitan area, and in attenpts to contro

human body odors in metropolitan public transportati on vehicles. Due
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to the transient nature of the dredgi ng operations, however, such
a relapse nmay not occur.

A second factor relates to econom cal operation of the odor-
control system Frequently, once the systemis installed, it wll
be operated nost of the tine "just to be safe," irrespective of the

actual need at any given tine.

The third factor is a hidden one. (bjections nay be raised
agai nst di schargi ng chem cally undeclared nmaterials into the atno-

sphere. This could lead to costly litigations. It would perhaps be
proper if the suppliers of the formulations would be required to carry

out the costs of such litigations.

Commercial use aspects

Qdor nodi fication has been defined by industry (Einsky and
Lauren, 1974) as "the process whereby, when two substances of given
concentrations are mxed, the resultant odor of the m xture may be
far less intense and objectionable than that of the separate conponents
and may not even be perceptible." For purposes of abatenent of
mal odors associated with area sources, odor nodification is accom
plished by the introduction of vapors via blowers and perforated
pipes (Cheremisinoff, et al., 1975) placed along the periphery of
the offending source. The substances enployed in odor nodification
are specifically designed formulations of aromatic conpounds. These
conpounds are sold comercially and all formulations are proprietary.
Systens for odor nodification have been installed to treat em ssions
from entire plants, waste treatment ponds, refineries, and rel ated

sources.

O interest to the present study is the odor-nodification
programcurrently enpl oyed by the Sewerage Conmission of the Gty
of Mlwaukee, Wsconsin. The programis applied at the South Shore
Waste Water Treatment Plant |located in Gak Oreek, about 10 mles
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south of the Jones Island Plant (Figure 7). Muisty and sewage-like
odors are nodified with Photonic Environnental Corporation's Cdor
Mdifier 810154. This substance consists predom nantly of terpenes
with snmall amounts of essential oils and aroma chenical s added. The
use of this odor nodifier conplies with all existing |local, state,
and federal regulations.

Qdor nodifier #10154 is dispensed by the system shown schenmati -
cally in Figure 20. Two ducts, each 610 ft |ong, convey the nodi-
fier gas along the periphery (Figure 21, A) of three sides of the
odor source. Mal odors from about 25 acres of sludge-hol di ng ponds
are thus controlled. The rate of introduction into the ducts is

equivalent to approximately 7 oz of liquid per hour.

As seen in Figures 21 and 22, the odor source of the South
Shore Wastewater Treatment Plant is in close proximty to a subdivision
of homes. Prior to installation of the odor-nodifier system there
had been a history of nunerous and sonetines vehenent conpl aints.
Subsequent to the odor-nodification program which began July 31, 1975,
only one conplaint was received (J. R Ginker, 1975, oral comunica-
tion). One of the authors (Harrison) visited the site on Novenber
12, 1975, when a brisk breeze fromthe WsWand SWquadrants was
bl owi ng across the hol ding ponds (Figure 22B) and into the south-
eastern section of the subdivision. The expectabl e mal odor was
perceived within the holding-pond area. Imediately downwind of
the duct, and in the subdivision, however, the malodor could not
be detected. Di scussions with personnel of the South Shore \Wastewat er
Treatnment Plant indicate that the nost difficult test of the odor-
nodi fication systemw Il cone in the late spring of 1976, when odors
from the sludge-holding ponds reach a peak.

The sewage-like nalodors at the M| waukee di sposal site (Figure
7) originated from sediments dredged within a few hundred feet
(Figure 7, B) of the Jones Island Sewage Treatment Plant. As a
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Figure 21. A Duct

for conveying odor-nodification gases along the
perineter of the diked sludge-holding ponds at the
South Shore Pant, MIwaukee.

B. View of duct

View is toward the north.
from subdivision on north side of
sl udge- hol di ng

di ked
ponds. \View is toward the south.
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hypot heti cal exanpl e of the use of odor nodification, consider

that if sewage-like nmal odors can be abated successfully at the

South Shore Plant's holding ponds, only 10 niles south of Jones
Island, it ought to be possible to abate simlar sewage-li ke odors
when they occur at the MI|waukee confined disposal site (Figure 7).
The odor-nodi fication systemat the South Shore Plant cost about
$2.00 per lineal foot to build in 1975. This cost reflects naterials
only. Using 1975 dollars, and allow ng for the increased size of
the M I waukee dredged material disposal site, the cost of installing
a perimeter systemalong three sides of the site woul d be about
$9,600 at $4.00/1lineal foot for 2,400 feet of perineter protection.
Operating costs woul d approxi mate $1,200/month (0. B. Lauren, 1976,

oral comuni cat i on).

As discussed earlier in this section, masking of malodors is
acconpl i shed by m xi ng a substance having a pleasant odor with the
substance producing the malodor. This results in a different and
more pleasant odor than that experienced initially. At the Houston
di ked di sposal site, for exanple, Qustom Industries' "Counteractant
No. 11" is mxed with the stream of dredged material emanating from
the pipe. The counteracting odor is described as being that of "sweet
pineg" and is diluted with kerosene. According to the manufacturer's
speci fications, "Counteractant #11 is a select blend of perfune,
counteractants, and surfactants designed to pronote cl eaner and

heal t hi er living."

Use of Xidants and Aerati on

Treatments by ozoni zation and aeration do not appear to be
promsing methods for odor abatenent. Dredged material woul d probably
be treatabl e by these nmethods only when in a slurry condition and
it will be difficult to generate an efficient contact between the

gas and slurry phases.
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The results with other oxidants were reasonably promsing, with
KMnOy, H;0,, and NaOCl nost possibly able to reduce odor level, in
terns of ED50 values, by a factor of 2 to 3. O particular interest
is the observation that higher concentrations of the oxidants were
not significantly nore efficient than low concentrations. Thus, a
smal | addition of an oxi dant appears to oxidize sonme of the nore
odorous conponents present in the dredged naterial. Because the
present odor survey at disposal sites indicated that the odor problem
was nmarginal, an inprovenment by a factor of 2 or 3 could often be

sufficient for reducing the possibility of malodor conplaints.

The effect of lime was not significantly evident in the
laboratory tests. In the case of dredged material containing the
equivalent of sewage sludge, however, |inme may be of val ue because
it has often been used to control odors from dewatered sludge applied
to land (US. Departnent of the Interior 1968, p. 306).

Qdor conplaints are influenced not only by the odor intensity
but also by the odor character. xidants had a slight influence on
the odor character of the Grassy Island dredged material, possibly
influencing principally the kerosene-like odor note. The full effect
of oxidation treatnents on the odor nui sance potential of dredged
mat eri al sanples cannot be determined in snall |aboratory-scale
experinents, and can be tested adequately only in large, on-site
experinents.

Since the character of odors changed with the type of the
dredged material, the relative efficiency of different oxidants
may depend on the type of the dredged nmaterial. Approxi mat e
eval uation of the relative efficiency of various oxidants in treating
the particular type of dredged material can be conducted in the
[ aboratory. Tests should be limted to the relatively | owl evel

addition of oxidants, conducted on a sufficient nunber (4 or nore)
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of untreated sanples and a sufficient nunber (5 or nore) of sub-
sanples treated with a given oxidant. xidants nost active with

respect to the particular material should be selected for field trials.

It should be noted at this point that unless all of the odor-
produci ng substances are destroyed by a treatnment method, the odors
remaining may be as strong or as objectionable as the initial odor
In addition, the odor quality may change with atnospheric dilution
(or dimnution of source strength through the use of oxidants). In
a mxture of odorants, this may be because one odorant i S nore per-
vasive than the others. A high concentration of trinethylam ne has
an "ammoni acal " odor, for exanple; but at |ow concentrations, the
odor is "fishy." The reason for these differences is not fully under-
stood (Summer, 1968)

The results of the experinments (Table 36) with oxi dants and
aeration reveal some erratic variations of odor-threshold |evels
(EDSO) as a function of time, which may in large part be due to experi-
mental variables that were difficult to control. Anong such variabl es
woul d be | aboratory air tenperature and the unequal |oss of odorous
vapors during transfer of different experinental sanples from sample~-
preparation or sanpl e-storage containers to the Tedl ar bags used for
the odor-panel tests. An additional explanation for the results (Table
36) may lie in the very nature of determning the threshold concentra-
tion of odors. Although the concept of an odor threshold inplies a
sinple determnati on of presence or absence of an odor, thus |eading
to a sinple formof quantification, there are a nunber of factors
that can affect threshold val ues.

Experi ence  Abroad

As part of the effort to survey the state of the art of odor
abatenent, letters were sent to professional colleagues concerned

with odor problems in other countries. The following responded
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Dr. L Mlhave, Institute of Hygiene, Aarhus University,
Dennar k;

L. W Hansen, Flakt Luftteknik, Dennark;

K Varnoe, Mnistry of the Environnment, Agency of
Envi ronnent al Protection, Denmar k;

S. Delager, Enviroplan A/'S, Denmark;

Dr. H N M Stewart, Varren Spring Laboratory,
Department of Trade, Geat Britain;

Dr. P. Degobert, Laboratory for Qdor Studies,
French Petroleum Institute, France;

Dr. B. C J. Zoetnman, National Institute for
Vter Supply, Netherlands;

Dr. L. J. van Genert, TNO Institute, Netherl ands;

Dr. E Eggink, Central Environnental Protection
Agency, Ri j nnond, Net her | ands;

Dr. T. Lindvall, Department of Environmental Hygiene,
Karolinska University, Sweden; and

Dr. D G Laing, CSIRO Australia.

Sone of the above communi cated with other specialists, including
nmenbers of agenci es responsi bl e for mnai ntaini ng navi gati onal waterways
in their countries. The information obtained fromthe various parties
is sumarized below. In general, nalodors at European dredged
materi al disposal sites do not constitute a serious problem except
when pockets of industrial wastes occur in the areas undergoi ng dredg-
ing.

a. Australia: Qdor problems have not yet arisen.

b.  Denmark: D sposal is at sea or on |and away from

popul ation centers; odor problems have not been encountered.

c. France: Dredged material fromharbors is disposed in the
open sea. Material frominland waterways is disposed in di ked areas
along rivers away from popul ati on centers, not so nmuch because of
odors but to avoid nosquitoes and humdity. Cdors from dredged

material do not last long. Mechanical pressing of disposal naterial
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between rollers is used to accelerate drying. The problemwith

odors from dredged nmaterial is not acute. The spraying of "walls" of
aer osol s contai ni ng naski ng agents was recommended if probl ens were
expected with nal odors.

d Geat Britain: Cdor problens with dredged naterial have
occurred on a very small scale and, allegedly, are controlled by
counteractants or nmasking agents. Results are poorly docunented.
The evacuation of nmaterial for roadways in peak areas produces suyl-
fidic odors which subside in a few hours.

e Netherlands: Odors from dredged material becone significant
if the petrol eumcontents reach 1000 mg/kg and t he weat her is sunny
with low wnd speeds. Wien such material is encountered in dredging,
it is disposed into the sea instead of on the land. A case of 150
conplaints, all occurring on one single norning, was related to the
passage of barges carrying dredged naterial, nost probably containing
acrylates, originating from an industrial plant. At that point,
dredging was already finished and nothing else needed to be done.

A case of 16 conplaints in one day dealt with chlorine odor and irri-
tation originating froma site where dredged nmaterial was deposited
in preparation of sites for housing construction. The dredged mate-
rial was traced to a part of the harbor where a chlorine handling
industrial conpany apparently dunped some waste. Dredging activities
in that part of the harbor were i mmedi ately stopped by the Rotterdam
Harbor  Authority.

I Sweden: The Environnental Protection Board requires that
sl udge di sposal areas should be on | and for toxicol ogical reasons
and that possible odor emssions should be dealt with. In a very
few occasions when odors from dredged material have been a problem
the odor em ssion has been reduced by addi ng cal ciumoxides to

raise the pH, Qher counterneasures, besides using another disposal
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area away from populated areas, is to cover the disposal area wth
earth and sow wth grass.

Application of M crobiological Principles

No m crobi ol ogi cal method is suitable for abatenent of mal odors
resulting fromthe instantaneous rel ease of pre-fornmed odorants at
the time of dredging and pumpout. For such nalodors, the physical
chemcal, and sociol ogi cal abatenent strategi es proposed previously
are nost appropriate. For residual and background odors of biogenic
origin, however, there are several strategies involving mcrobiologica
principles that mght be effective in preventing or reducing such
odors. The fol |l owi ng paragraphs di scuss the strategi es of disinfection,
antibiotic treatment, pH adjustnent, mcrobial conpetition, and bio-
conver si on.

Di si nfection

The use of disinfection to prevent bacterial growh and putre-
faction is well established, and ranges fromthe sinple process of
addi ng chem cal s such as chlorine to sewage-contai ni ng effluents,
to the sterilization of nedical instruments by inmersion in alcohol
A nunber of chem cal agents are known to control mcrobial populations,
i ncludi ng high concentrations of salts such as sodi um chl ori de; heavy
metal cations such as borate and fluoride; halogens such as chlorine,
iodine, and fluorine;, oxidizing agents such as peroxi des, pernmanganates,
and ozone; surfactants such as soaps, synthetic detergents,, and qua-
ternary ammoni um conpounds; phenols; dyes; fornal dehyde et hyl ene
oxide; and alcohols. The actions of these substances are summari zed
in sone detail by Dubos (1958), Pelczar (1958), and Smth et al
(1957).
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The proposed use of such agents does not constitute a new
concept . H gh-organic wastes are often treated with sodi um hypo-
chlorite to destroy pathogens and reduce odor potential. A conmer-
cially avail abl e fornmal dehyde source call ed "Modocide" (Lauren, 1974)
rel eases formal dehyde at a controlled rate governed by tenperature
and has been used to control mal odors on a snall scale, such as in
swi ne-farrow ng facilities. In water-treatnent facilities, an in-
crease in potability of odorous waters is routinely achieved through
the use of oxidizers such as potassium permanganate. A potassium
manganat e conpound cal | ed "odorex" has been used effectively to
hel p elimnate the hydrogen sul fide odor emanating from various
areas of a sewage treatment plant (Bernicchi, 1968). In cases where
manganate oxidants are wused, the imediate reduction in nalodors is
due to the oxidation of noxious contam nants to non-noxi ous substances;
the residual abatenent effects that doubtlessly occur also involve the
control of bacterial populations. A nethod involving the use of hydro-
gen peroxi de has al so been found effective in the renoval of noxious
odors in wastewater treatnent (Lindstrom 1975) here, too, the bio-
cidal effect of peroxide nust certainly be involved in preventing
the recurrence of the problem  Unfortunately, t he use of hydrogen
peroxi de for the abatenent of dredged naterial nal odors woul d be very
expensi ve. Q her types of oxidation processes such as in "Cataban
Process" (Lauren, 1974; and Bernicchi, 1968) al so probably have a
resi dual odor abatenent characteristic through m crobial popul ation
control, as well as the inmmediate beneficial effect of elimnating
hydrogen sul fide.

O the disinfectants mentioned above, only a few appear to be
practical for large-scale, outdoor application to dredged nateria
because of considerations of cost, toxicity, lability, quantity
necessary, odor, corrosiveness, staining potential (e.g., that caused
by dyes) , and other factors. Thus, of the agents |listed above, only

chlorine (in the form of hypochlorite), fornaldehyde (as the liquid
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or as a slowrelease chemcal conplex), and perhaps in sone cases
cheap oxidizing agents and surfactants seem to be possible choices.
For nost effective application these woul d be m xed with dredged
material in the discharge pipe prior to disposal

What ever the choi ce of agent and node of application, an
anal ysis of site-specific parameters and sedi ment characteristics
nmust be considered in advance to determne suitability and cost
ef fectiveness. This information nust al so be bal anced agai nst
possi bl e adverse environmental effects that may result fromthe use
of the agent. Only in this way can the Corps of Engi neers nanage-
ment determine if dredged naterial disinfection will be an appropriate
odor - abat ement nethod for a specific site or if alternative methods
would be nore desirable.

In any case, disinfection should not be considered as an ultimate
met hod for the inhibition of background odors at disposal sites.
Rather, disinfection techni ques should be thought of as short-term
remedies, to be followed by the nore pernanent procedures to be
discussed later. The reason for this conclusion is the know edge that
since total sterilization of dredged material would not be cost-
effectively feasible. Vigorous bacterial action would eventually be
reestabl i shed in any noi st di sposal area contai ning organic natter,
because all common disinfectants woul d eventual | y be degraded by
chem cal and/or biological action and the remaining "seed" mcro-
organi sns would rmultiply to occupy the ecol ogi cal niches existing at
the tinme the treatnent was begun. The time frame for such reversals
to occur cannot be predicted here since they would involve a nunber
of site-specific and elective paraneters as well as the type of dis-
infectants used. Laboratory studies, followed by small field denon-
strations, would be necessary to obtain the infornation necessary to
meke reliable predictions.

Al though the use of disinfectants cannot be considered as a

per manent odor - abat ermrent strategy, some instances can be suggested
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in which the enpirical use of disinfection nmight be justified

a If dredging contracts require that highly odorous upper
strata be renoved during the hottest weeks of sunmer,
di sinfecting of these materials during discharge woul d
be likely to suppress the continued bacterial production
of odorants until cool er weat her woul d assist in suppres-

sing bacterial action.

=

In a case simlar to the above, disinfection could serve
to suppress bacterial odor production in the nost offending
dredged material until it could be covered over by other

dredged material known to have |ess odor potential.

At di sposal areas characterized by good drainage and | ow

lo

precipitation, disinfection could serve to suppress
bacterial odor production until the dredged materi al
woul d becone naturally dessicated to an extent where

bacterial action would be mninal.

jo

Di si nfection coul d possibly suppress bacterial odor
production | ong enough (several weeks, perhaps) to

allow other, nore permanent strategies to take hold.

In summary, disinfection of dredged naterial nay be useful as
a tenporary nethod of inhibiting the mcrobial production of nal odors
that mght arise as a characteristic of disposal sites. Di si nfection
would not be very cost effective, however, and would be of value only
for abatenent of severe mal odor probl ens where odor-nodification
systens could not be installed.

Antibiotic t r eat nent

Antibiotics kill or inhibit the growh of m croorgani sns and
have been used in this capacity to retard the fornation of odors

due to deconposition. For exanple, until such use was prohibited
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by the U S. Food and Drug Administration, antibiotics had, on
occasion, been used to preserve nmeats and di m nish the formati on of
putrid odors. There is also some precedent for the use of antibiotics
to treat sedinents of natural water bodies. Flegler et al. (1974),
have used nystatin, cycloheximde, penicillin, and streptonycin to
treat the sedi ments of Lake Lansing and Rose Lake Bog in Mchigan in
order to study the effect of fungi on organic decomposition. Their
results indicate that antibiotics do have an inhibitory effect on

bacteria and fungi contained in the sedinents.

Nevert hel ess, based upon the costliness of antibiotics, the
authors do not believe that cost-effective nmethods of treating
dredged material with antibiotics can be developed. CQher inhibitors
of mcrobial growh discussed previously are conparatively inexpensive
and shoul d be considered in lieu of antibiotics when suppression of

mcrobial growh in dredged nmaterial is desired.

pH__adj ust nent

Mbst bacterial growh is restricted to a pH range of 5 to 9;
however, optimal growh is restricted to a much narrower range,
usually close to neutral.* For exanple, Clostridium botulinum, a
strict anaerobe involved in food poisoning is typical of Clostridia
species; it will growonly at neutral or slightly alkaline pH (Smth,
et al, 1957); it will not grow under even noderately acidic condi-
tions. The use of pH adjustment to inhibit bacterial growh has wi de-

spread application and need not be discussed further in this report.

An examination of Tables 5, 10, 14, 19, 24, 29, and 34 indicates
that of the seven sites visited, five were characterized by dredged
material having a neutral pH, while one was slightly acidic (pH 6)

and one was slightly basic (pH 8). These pH ranges are favorable

*A not abl e exception being certain aci dophils that can grow in and
accunulate sulfuric acid up to several percent.
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for the growh of nost nicroorganisns; observations of escaping

marsh gas at several sites indicated active bacterial metabolism

Consi deration of this information strongly suggests that odors
originating in dredged material as a result of nmicrobial activity

can be inhibited by controlling the pH. However, prior to the applica-
tion of this nethod to any disposal area, the authors strongly recom
nmend that controlled | aboratory studies using dredged nmaterial (ob-
tained fromcores) and snall field denonstrati ons be used to establish

appropriate treatnment parameters on a cost-effective basis.

Wil e inpure acids and alkalies are relatively cheap in commer-
cial quantities and mght be mxed into dredged nmaterial prior to dis-
charge on a cost-effective basis, it may also be possible to adjust
pH with acidic or basic materials usually considered wastes thensel ves;
for exanple, strip-mne spoil, deep mine wastewater, snokestack scrub-
ber wastes, and industrial wastes. Proxi mty between such waste sources
and disposal areas would favor investigating the wuse of the concept;
whi | e di stance woul d be a discouraging factor, portable slurry pipe
transport of waste naterials could reduce costs. Recent trends in
regul ation of environnental pollution suggest that waste-use concepts
such as suggested above may eventually be encouraged by Federal and

State agencies charged with the proper disposal of man-generated wastes.

Bacteri al conpetition

As di scussed previously mcroorgani sns including bacteria live
in conplex ecological relationships. Factors such as |ocal pH, avail-
ability of substrates (foods and growth factors), oxygen and carbon
dioxide tensions, and inhibitory biochemicals are all strongly in-
fluenced by the presence of microorganisns. Because of this, the
generation tine and rate of growth of any particular cell is governed
by other cells in the vicinity. Put sinply, mcroorganisns in nature

[ive in dynamc conpetition with each other. Thus, excessive growh
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of one species inhibits the growth of others within its sphere of

i nfl uence.

The practice of using bacterial conpetition to obtain a desired
effect is well established. For many years, the dairy industry has
made cultured mlk products frommlk not totally free of undesirable
bacteria by flooding the culture with greater than nornal nunbers of
the desired bacteria. In sewage treatnent plants, bacteria-rich
anaer obi ¢ sl udge di gesters have been started with an appropriate
inoculation of mcroorganisns from established digesters. In hones,
sour septic tanks have for years been remedi ed by the injection of
comercial starter consisting of nothing nore than desired strains

of dessicated digestion bacteria in an inert carrier.

More recent devel opments concerning the industrial use of bac-
terial conpetition include nmarketing dried cultures of mutant bac-
teria for specific waste-treatnent functions. An exanple of this is
the "Pol ybac" process (Wrne Biochemicals, Inc., Lyon Industrial
Park, Route 73, Berlin, NJ., 09009), which floods the sewage of
treatment plants with nutant aerobic and mcroaerophilic bacteria
desi gned to reduce the bi ochem cal oxygen demand (BCD) and to increase
pl ant capacity by the accel erated degradation of |ipids, detergents,
and cellulose. The "Pol ybac" process has been used in activated
sludge systems, trickling filters, and oxidation |agoons. Another
exanpl e i s "DBC plus" (Bower Industries, Inc., 1601 W O angewood
Ave., PO Box 1631, Cange, CA, 92668), a mxture of saprophytic bac-
teria designed to seed waste-treatment systens with bacteria espe-
cially suited for the digestion of proteins, carbohydrates, and fats,
in order to induce desired digestion characteristics into the treat-
ment system as a whole. Bot h t echni ques have been applied to as
di verse sources as the Lincoln Water Pollution Control Facility
(Stockton, CA) and the Queen Mary Flagship for its management of oil
wast es. The bacteria contained in their preparati ons do not have the

capacity to produce hydrogen sulfide (witten comunication,
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21 Novenber 1975, Robert B. Qubbs, Manager of Environnental Divisions,

Bower Industries, Inc., GCange, CA.

Al t hough the authors have not been able to find a single in-
stance i n which concept of bacterial conpetition has been applied to
dredged material disposal sites, the underlying principles appear to
be sound and would be simlar to those operating in the exanpl es
given above. Thus, by mxing fast growi ng mutant bacteria, known
not to produce nmalodorants, with dredged material containing a variety
of "wild" bacteria known to produce mal odorants, an artificial com
petition would likely be induced, resulting in a nmeasure of |ong-term
control over background odor production. This concept shoul d be
tested in the laboratory and in field-denonstrati on projects using,
initially, comercially available mterials.

In the authors' opinion, the surface application of mutant bac-
teria would not be effective because bi ogeni c odorants are probably
produced in subsurface strata. Furthernore, it is not likely that
the nmutant strains could becone pernanently established at the air-
solid interface. It has been recommended (G ubbs, 1975, oral conmuni -
cation) that the "DBC plus" be injected into the discharge pipe at a
rate of 1 1b/10,000 ft®. The authors add that because of the gas-
adsorptive characteristics of many dredged wmaterial it should not be
necessary to treat the entire depth of the disposal bed. Rather, the
bacteria should only be injected into that dredged naterial which
will constitute the upper layer of the disposal bed. An optinmum depth
of treatment should first be determned on a cost-effective basis,

using laboratory and/or small denmonstration plots.
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In lieu of wusing commercial preparations, non-proprietary or gan-
i sms such as Baeillus sp.* could also be investigated in the |aboratory
and field to determine their effectiveness as a conpetitor of odor-
producing, dredged material bacteria.

Bi oconversion of nal odorants to | ess odorous conpounds

It is generally known that odors emanating from odorous dredged
material can be reduced by covering the offending material wth dirt,
sand, or less odorous dredged material. Several of the mechanisns
operative in such odor abatenent have been discussed earlier in this
report. This section will consider a specific bioactive overlay for
odor abatenent of hydrogen sul fide (the nost common sul f urous odorant)
as well as for sone other odorants containing the sulfide noiety (those
containi ng specific mcroorgani sns that are known to convert sulfide
to sulfate ion). This process is called "bi oconversion."

An exam nation of Appendix A and Figure A-l indicates that in
addition to mcroorganisnms (e.g., Desulfovibrio sp.) that convert
organic materials and sulfate to sulfides, there are other mcro-
organisnms that utilize sulfide and produce odorl ess el emental sul fur
or sulfates, both of which are odorless. Included in this group are
the col ored photosynthetic bacteria and col orl ess nonphot osynt heti c
bacteria such as Thiobacillus and Beggiatoa sp. (Hutchinson, 1957,
Schwoerbel, 1971; and Dunnette, 1973). The bi oconversion of sulfide
to sulfate occurs not only in nature at various stages of the sul fur
cycle, but in man's work as well, wherever the sulfides and the proper

m croorganisns coexist; for exanple, certain types of corrosion due

*Bacillus are fast-growing, facultative species and do not produce
H,S as a consequence of their netabolism In sufficient nunbers,
these could effectively conpete with enteric H,S producers character-
istic of the dredged naterial exanined in this study. A though the
commerci al bacterial preparations are proprietary, and hence their
contents trade secrets, it is quite likely that they contain species
of Bacillus.
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to sulfate are known to be caused by the bioconversion of existing
H,S to SO, 2 (Dunnette, 1973).

For the specific case of abatenent of sulfidic background odors
emanating from dredged materials, an investigation should be made of
the feasibility of enploying a soil overlay inoculated with Thio-
bacillus and/or Beggi atoa. I f such microorgani sns can be established
in this layer, (the authors believe that it can be acconplished), the
| ayer could then have the action of an active, biological filter
for H,S and perhaps other odorous sulfides. As the noxious sulfidic
conpounds diffuse fromthe | ower strata through the active overl ay,
they woul d serve as substrates for sulfide-using organi snms and woul d
hence be converted to el enental sulfur or to SO, 2, thus not entering

the atnosphere as a nuisance.*

The authors do not recommend consideration of the photosynthetic
sulfur bacteria, since these require sunlight for their mnetabolism and,

at best, could only act as a biofilter at the solids/air interface.

As with the other biological treatnent strategi es suggested in
this report, laboratory studies followed by small-scale field denon-
stration studies nust be perforned to establish opti numtreatnent
paraneters on a cost-effective basis. It is concluded that although
there are a nunber of existing or potential mcrobiological methods
that can result in the tenporary or pernmanent abatenent of background
mal odors characteristic of some disposal sites, virtually none

have been applied. |Investigation of such m crobiol ogi cal methods

*It should al so be noted that a nmutant bacteria-containi ng agent

("Phenobac,”" Wyrne Biochemicals, Inc.) is comrercially avail abl e which
can aid the bioconversion of a nunber of hydrocarbons to non-noxi ous
by- product s. In view of the observation that petrol eumbased odors

characterize sone disposal areas, the authors recomrend that soil
overl ays containi ng hydrocarbon-utilizing nutants shoul d al so be
investigated as a neans of odor abatenent.
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shoul d be made to increase the technical options for preventing or

mtigating future problens with nalodors.
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RECOMVENDATI ONS

Qdor  Abatenent  Strategy

The objective of any odor abatenent strategy is to reduce the
perceived intensity of malodors in the community to an acceptable
level, using acceptable techniques. A plan for such a strategy was
developed in the course of this project and is presented in Figure 23.

Wth regard to the successful abatenent of mal odors at diked
dredged nmaterial disposal sites, there are a nunber of managenent
actions that can be taken. Because malodors at these sites are not
chronically severe, nodest inprovenents at each or some of the nanage-
ment steps shown in Figure 23 should be val uabl e for reducing the
possibility of malodor conplaints. The results of managenent action
or inaction, at several steps in the sequence beginning with diked
disposal site selection and ending with a conpletely filled site,

are shown in Figure 23. These actions are discussed below.

Site selection

The two nost inportant factors for nal odor abatenent are (1) the
di stance of the diked disposal site fromcommunities and (2) the
directions of prevailing winds, especially in warm weather. As indi-
cated in Figure 23, locating a disposal site upwind and only a short
di stance fromdwellings will result in nmore conplaints about mal odors
than will locating the site downw nd and a | onger distance fromdwell -
ings, especially if the site is located in an area that al ready has

other sources of nalodors.

The two nost inportant tasks under the first step, Selection of
D sposal Site (Figure 23), are thus (1) the devel opment of wi nd roses
for prevailing (annual) wind directions and for prevailing w nd direc-
tions in warm weather, and (2) the measurenent of distances to existing
and pl anned communities for all of the potential disposal sites under

consi deration. Wiere it is possible to select a site which is a

130



Figure 23.

Chart showi ng management steps for

abat enent

mal odor s.
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—

—
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STEPS
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main source
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weirs conducive
to turbulent flow

Determine Site Possibilities
Based on Distance From

Communities

long distance

PREPARATION OF
DI SPOSAL SI TE

Est abl i shnent  of

to dwellings

trees and shrubs
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Fi gure 23 (Conti nued)

| NCREASI NGLY

UNFAVORABLE

FOR COST- EFFECTI VE ABATEMENT

FMalodor Conpl ai nts I ncrease)

>50
odor

units

STEPS

I NCREASI NGLY FAVORABLE
FOR CCST- EFFECTI VE ABATEMENT

(Mal odor Conpl ai nts Decrease)

OMR (HARACTERI éATION

numerous
mal odor s

>50
odor

units

mask secondary,
site-produced odors
(pond algae, fuel-oil
spills, by scents, etc.)

dirspose i'n warm
as well as
cold weather

Sediments Having <10
Odor Units of Malodors

OF SEDIMENT
TO BE DREDGED
10 to 50 Odor - Panel Tests <10
odor of Odor Intensity odor
units and Character units
|
some sonme no
malodors mal odors mal odors
10 to 50 Construction of Isopach <10
odor Maps of Mal odor ous odor
units Sedinments to be Dredged units
MALODOR ABATEMENT
DURING DREDG NG AND
DI SPOSAL  OPERATI ONS
l
Develop Practice for eliminate

secondary, site-

produced odors,

unfavorable
winds

no provision for
gas disposal
at dredge

Develop Practice for
Sediments Having

forceful spray of
slurry into open air
at pipe end

10 to 50 Odor
Units of Malodor

by algicides, etc.

dispose only in
cold weather

unfavorable favorable
winds winds

gas-ej ector at

spread oxidants

upon or mx wth

dredged materi|al -
effluent

suppress mal odors
by counteractants
sprayed over or

mxed with effluent

Devel op practice for

dredge pump

-
end of pumpout

pipe under water

elininate malodors
by release of nodifier

Sedinents Having >50
Qdor Units of Malodors
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Fi gure 23 (Concl uded)
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suitably long distance fromcommunities and is downw nd of these
conmunities during warm weather, the tasks listed next may quite
possibly be ignored.

Site preparation

Planting trees and shrubs al ong the di ke periphery will assist
in increasing dispersion of malodors in the anbient air as the wnd
blows over the site. Sinlarly, the proper design of overflow weirs
(see p. 17) will prevent excessive liberation of waterborne odors to
the anbient air.

Qdor characterization of materials to be dredged

This is an inportant .step and shoul d be taken whenever |arge
vol umes of potentially mal odorous sedinments are to be dredged. The
odor tests described earlier in this report should be performed upon
a sufficient nunber of dredged naterial sanples to permit constructicon
of isopach maps of units displaying odor dilution thresholds of
< 10, 10 to 50, and > 50 odor units. (1sopachous maps use contours
to indicate thicknesses of designated wunits.) These maps will allow
rational decisions to be nade vis-a-vis the abatenent of nal odors
during disposal operations.

Mal odor abat ement during dredgi ng and di sposal operations

As shown in Figure 23, three practices should be devel oped. For
those sediments with an ED50 of < 10 odor units, no special neasures
need to be taken other than the elimnation or suppression of mal odors
that may be related to the dredged material disposal operation. An
exanpl e woul d be the control of algal production in the waters w thin

the diked area. This was a problemat the Anacortes site (p.92 ).

For sedinents to be dredged that have EDSO's bet ween 10 and 50

odor wunits, a feasible practice mght include any or all of the foll ow
ing odor-abatenent  approaches
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a Dredging and disposal only in cool weather and when
the wind is blowing nalodors away from the site.
b. Installation of a gas-ejector system at the dredge

punp (if a pipeline dredge).

Subnergi ng the end of the pumpout pi pe under water

o

(or otherwise enclosing the spray from the effluent
strean.

When it is inpossible to program dredgi ng schedul es according to
weat her considerations (point a., above) and still neet contract
deadlines, it may be necessary to consider use of odor nodifiers,

counteractants, or, perhaps, oxidants.

If dredged material are malodorous, with EDSO's of > 50 odor
units, odor nodification (p.109) will generally be the nost feasible
and cost-effective approach to odor abatement. Should the volune

of such sedinent be a significant percentage of the total volune to
be dredged and shoul d the disposal site be close to comunities,

cost estimates for a suitable odor-nodification systemshoul d be
obtained before comencement of dredging and disposal operations.
Then, in the event that the malodor problem proves unmanageabl e,
after attenpting all of the abatement procedures mentioned above,

it will be possible to nmove quickly. The use of odor nodifiers

is reconmended in preference to odor counteractants and maski ng
agents for reasons given earlier. The use of oxidants to destroy
odors at the source (that is, within the dredged material) is an
intriguing approach to abatenent, but as yet entirely unproven as to
its reliability or cost effectiveness for short-term abatenent of

mal odor s. The use of oxidants for |ong-term abatenent may be nore
realistic.
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Mal odor abatenent after filling of site

To be cost effective, the |ong-term abatenment of mal odors should
use m ni mum anounts of abatenent materials consistent with reducing
residual malodors to an acceptable level. In general, locally avail-
able material, such as line; hydrogen sulfide renovers, such as
ferrous sulfate (US. Environmental Protection Agency, 1972); seal ants,
such as sand; or diffusion barriers, such as wood chips, are to be
preferred to their nore expensive counterparts. Finally, a nunber of
strategies involving mcrobial nethods, discussed el sewhere in this

report, may result in cost-effective, long-term abatement of nal odors.

The em ssion of nmalodors froma filled site can be reduced by
cluttering the surface with some formof naterial that is either a
filmwhich acts as a diffusion barrier for odorants, or is fibrous
and inmobilizes turbul ence and eddy currents in the anbient air above
the surface of the dredged naterial. The latter approach effectively
i ncreases the thickness of the stagnant diffusion region in the air
at the surface. Above the surface, in the region of eddy currents,
the formal diffusion coefficient is 10* to 10° higher than in the

stagnant  boundary |ayer.

Handl i ng conpl ai nts

G her odor sources may emt mal odors that peopl e nistakenly
assign to the disposal of dredged material. Three such cases were
observed during the seven field trips. In Mlwaukee, odors fromthe
muni ci pal sewage di sposal plant produced a plune that sometines crossed
the odor plume from the hopper dredge. In Mbile, a significant mal-
odor was emitted from Chicksaw Oreek where di scharges from a nearby
paper mll entered the stream In Houston, during a walking trip
through an adjoining housing developnent, strong odor was experienced
toward the end of a street ending at the disposal site dike. A closer

i nspection reveal ed that this odor came froma garbage pile at the
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end of the street. Thus, an odor conplaint may be assigned m stakenly
to the dredged naterial. It may be useful to survey the area around
a diked site for alternate odor sources and to anal yze conpl ai nts by
onsite inspections for the possible contributions of other sources.

Gas leaks are one type of source to be considered.

In those instances where conplaints of mal odors froma di sposal
site persist, it may be necessary to obtain the services of an
odor panel. Docunentation of the community odor profile and inter-
pretation of the odor-panel results by a trained odor consultant,
permits development of a rational response to conplaints. [f the
odor-panel results and their interpretations indicate a significant
problem at the site, as opposed to nal odors originating from ot her
sources in the area, one or nore of the remedial mneasures described
in the two preceding sections wll be required.

Denonstration Projects

Finally, the authors recomrend that the various diked di sposal
site denonstration projects, currently being supervised by the
Dredged Material Research Program be used wherever possible to
exam ne the feasibility of the odor-abatenent procedures discussed
above. A series of experiments could be devel oped to test the odor-
abat enent val ue of oxidants, diffusion barriers, vegetation, bac-
terial strategies, and other abatement techniques. It would be
especially useful to have a test of an odor-nodification systemand
to conpare its cost effectiveness with other nmethods at a di sposal

site where malodors are a chronic problem

It has been said (Lauren and Gl bertsen, 1975) that odor nodi-
fication is the only econonically feasible way of abating mal odors
from area sources. This approach seens promsing in view of the

m ni mal capital and operating costs involved and shoul d be thoroughly
tested.
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APPENDI X A: THE SULFUR CYCLE | N THE HYDROSPHERE

In view of the preval ence of sulfidic odors* at a nunber of the
disposal sites visited, and because there appear to be several sim -
larities between the biogenesis of sulfur-containing conpounds in the
dredged materials and that in the sedinents of the hydrosphere, and
since a considerabl e amount of information is avail able concerning

this cycle, a discussion of the sulfur cycle in the hydrosphere is
in order.

In the hydrosphere, including sedinents, the nost common sub-
strates for hydrogen sulfide (H;S) are sulfate ion and organic natter.

In nmost fresh waters, sulfate is the second or third nost
conmon ani on (Hut chinson, 1957)*% exceeded only by biocarbonate and,
in some water bodies, by silicate. In brackish or sea water its
relati ve abundance is | ess due to the presence of anions such as
chlori de. The principal sources of sulfate are precipitation and,
in freshwater lakes and rivers, runoff. Qher common sources include

subnerged sedinmentary rocks containing calcium sulfate or pyrites.

Oganic material in sedinments is derived fromthe settling of
lifel ess aquatic plant and aninal debris (e.g., water plants, al gae,
plankton, fish, etc.), or from accessory debris (sewage plant wastes,
industrial wastes, dead waterfow, insects, waterfow feces, etc.).

Figure A-l depicts the sulfur cycle in the hydrosphere, and
summari zes the physical and microbial events that lead to the
production of H,S (and other sul fur-containing conpounds) in sedinents.
The sulfate ion, one of the principal substrates for the production

of H,S8, enters the sulfur cycle fromthe atnosphere via precipitation,

*Especially hydrogen sulfide and diethylsulfide.

**References in the appendix are given in the "References" section
following the min text.

+

Pyrites can oxidize, yielding the sulfate ion, as foll ows:
4 FeS, + 150, + 2H»0 2Fe, (S04) 3 + 2H- S0y
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fromthe land as runoff, fromless universal sources (indicated as
"other sources" on Figure A l) such as dilute sulfuric acid streans
inthe vicinity of volcanic areas, mneral streans, and mi ning areas,
and as a result of the conversion of existing HpoS to sulfate ion. \Wile
a fraction of the sulfate ion is directly acted upon by m croorgani sns
(i.e., Desulfovibrio sp.) to yield Hy8, nuch of the renainder is first

i ncorporated into the sul fur-containing amno acids and proteins of
biota that eventually die and enter the sedi ment phase as organic
material . Here, other types of organisns, usually anaerobic species
such as Clostridia, act upon the sul fur-containing nolecules of this
and other organic matter to produce HyS. Wile sone of the HyS
remains in this chemical formin the sedinents and, in sonme cases, in
anaerobic strata of the water columm above the sedinents, the renai nder
may be i mobilized in the formof metallic sulfides (e.g., FeSy), or
may be acted upon by additional bacterial species that oxidize H;8

to regenerate elemental sulfur or sulfate

In the above scheme, the authors believe that it is the H,S
contained in the sedinments or water colum that is likely either to
be instantaneously available as an odorant at the tine of discharge
of dredged naterials at disposal sites or to be eventually brought
to the surface of disposal areas to enter the atnmosphere at a later
tine. Simlarly, the dredged organic material is likely to be the
maj or substrate for bacterial action in the disposal beds for the
production of H,S and other sul fur-containing organi c conpounds as
di et hyl sul i de, other organic sulfides, and the nercaptans. Organic
material is also likely to serve as a substrate for bacterial gas
production (p. 74ff). Finally, dredged netallic sulfides could them
sel ves conceivably contribute H,S to the atnosphere of the disposa
sites under appropriate physical conditions (low pH), or by the action

of bacteria.
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APPENDI X B.  NOTATI ON

Ca (OH) 4 cal cium  hydroxi de

D/T dilution-to-threshold ratio ad
defined in Scentoneter manua

DVB Desulfovibrio agar medi um

ED50 odor dilution threshold

FeS, iron disulfide

Fe, (SO04) 3 iron (Il1l) sulfate

GC/MS gas chromat ogr aph/ mass spectronet er

Gp group

GRAS Ceneral ly recogni zed as safe

Hp02 hydrogen  peroxi de

H» S04 sulfuric acid

H3POy or t hophosphori ¢ acid

KMnOy potassi um  pernanganat e

m/e mass to charge ratio in nmass

spectrometry

NaOC1 sodium  hypochlorite

03 ozone

0.u. odor unit

P statistical probability

SOy sulfuric ion

z a statistical value nmeasuring the

di fference between nean val ues of
sample groups
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